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ABSTRACT 

This resource guide presents subject matter organized 
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the5?e sublects. The outlines are not intended for student use but as 
background information for instructors and as a guide for developing 
courses of instruction. The format of each unit contains essential 
information, enriching information serving as. illustrative materials 
to fac^.l?.ta*e learning, and practical activities including ' ^ 
illustrative materials. (Author/JN) 
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How to Use This Book 



This book presents subjcGt-matler organizoci in outline forn\, Tlie iu.Ut>ri.)i in inlencleti for two puipoiiet.; (I) Mi 
background Information for instructors, and (2) as a guide for devoloninfi courses of Instruction. 

Tl\e user of this material must understand that the outlines are n^ intended for use by yl-^ulents, nor should they be 
used^in their entirety. Rather, the instructor should nchl!:t from,the material presented hereHo meet hiw or her particular 

needs, . / 

The Topic Outline is organized in four sectitms: Introductory Microbiology, Medical Microbiology, Microbial 
GenetiS, and Microbial Physiology. The first two units comprise the tV) most frequently taught microbiology coursea in 
community and junior colleges. The outlines for Microbial Genetics and Microbial Physiology wc'it' prepared to present 
the instructor with more detailed informaHpn in these basic subject areas that are reportedly difficult to teach. The 
Microbial Genetics and Physiology units are cited extensively throughout the Introductory and Medical units to assist the 
instructor with the presentation of these^bjects. 

^ach unit is organized by the following format: 

ESSENTIAl INFORM ATIQN 

A body of knowledge that the authors believe is essential subject matter. ^ 

ENRICHING INFORMATION 

Information that the' authors believe will serve'as illustrative material and which will facilitate learning. 

PRACTICAL ACTIVITIES " 

Activities allowing the instructor to enhance the use gf the essential and enrichijig information. Illustrative materials 
are also included. r ' \ ^ \ 

Fundamental to this approach is the coftcept that even' though the authors have organized the materials in one fashion, 
the instructor has the option of reorganizing it in aiiother. What may be deemed enriching at one stage of a student's 
progress may become essential knawledge at a later date. Similarly, information that is essential to a student with one 
educational aim m^y be enriching to another whose educational aipi is different, J ^■ 

10 " 



' • The user of this book may find a need for additional sources of information concerning microorganisms and the 
''microbial world. Many are available including textbooks, laboratory manuals, magazine and journal articles, and^ 
audiovisual collections. Vqr further m~formation/you may wish to consult a local college or university, hea th dep^ment 
or a public or Special libraiy. Scientific supply apd equipment firms (the manufacturing industry), as well as audiovisual 
and publishing distributors, are often useful-sources for information. 

Titles of textbooks may be found in Books in Print, Reviews of textbooks periodically appear in such publications as 
ASM News, The American Scientist, Bioscience, Journal of Junior College Science Teaching, and The Quarterly Review 
of Biology. . / 
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TOPICS AND SUBTOPICS . 

'liO * General Introductii>n . 

1.1 ^ Tfie Nature of Microor- 
ganisms 



A. EgSENTIAL INFORMATION, 

Microprganisms are microscopic and sub- 
microscopic forms having characteristics of 
living systems. ^ - ► » 



Viruses, bacteria (including th^ rickettsias 
and chlamydias)), most funfei, proto^ioans, 
and certain algae represent tnfe five general 
forms of microorganisms. 



B. ENRICHMENT INFORMATION 

This smallest organism that can be seen 
witji the naked eye would be approximately 
O.I mm. The smallest organism that can be 
seen using a light microscope would be ap- 
prdbcimat^ly 0.2 /im (1 /im == 10~® m), 

Afe a rule, viruses are the smallest, fol- » 
lowed by bacteria, fungi, and certain algae. 

Micrborganisriis have a wider rangej o^ 
physiological potentialities than all other pr- 
ganisms combined.- 

All microorganisms iiave some means of 
reproducing or ii^creas^ng their^^numbers,* 

Microorganisms play a significant role in 
most areas of human activityr" 



C. PRACTICAL ACTIVITIES 

Most microorgahifttns cdn be fixed (im- • 
mobilized) on slides and'itained ^ith Various 

^ aniline xiyes to denionstrate specific strlic- 
tures ayid* other distinguishing .properties. 

• Compound ligbt^microscppes are used to 
observe most micrdorganisms An various 
preparations. ' 



1,2 



Concept of the Cell 



With the exception of viruses (which are. 
acellular), the ceil is the basic structural unit 
of life. ' 



Most microorganisms 
ganisms, 



'^e 



Cells are cqmposed of^pro^toplasm (a col- 
loidal orgapW]co;mplex co^teting largely of 
proteins, ^^lipias, §nd Jnudeic acids) sur- 
rounded byi^mitingv^inembranes and con-*^ 
taining ^&^|ifcl^us Or- nucleoid. Many cells 
haj/^d^^wa^ to limfltng mem- 

^^ijru$fi3 lack, the /typical ,Htructui-es (cell 
yt^j™ cytoplasm, 
^^l^fl^T^ processes nor- 



\6c\SM^jmih living cells. 



[pj/c^r/f. are biologically and 

' [ ^ ^Mp^^^ cells, a'rid they 

^^V^ati reproduce independently in a suitable 
^% ■ ' ^{environment. A single-celled org^pism is 
able to carry out all the processes associated 
, V^ith life within one (Jtell; thus, microorga- 
,fiisms are quite complex physiologic^y de> 
• •4'^^ sp\t^ their small size. Unicellular organisms 
- cap* aggi*egate to form multicellular units, 
e.g., chains or filaments of bacteria. 



Staining procedures may be used to dem- 
onstrate basic structural units oyife; such as 
the cell wall and cell membrane alone, pro- 
toplasm; and nuclear material (chromo- 
somes)', ^ ^ 



1.3 



Euca^otic and Procar- 
yotic Micro(j>:f danisms 



Two major types of cellular organization 
procaryotic and eucaryotic, are recognized. 



V 



Procaryotic microorganisms lack a de- 
fined nucleus with typical nucljBar mem- 
branes. Although the nuclear niaterial is sep- 
arated from the cytoplasm, it may not be 
visible with the light microscope even when 
«using special stains. 
lntroduQjor\; Microbiology— 5 
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TOPICS AND SUBTOPICS 



A, ESSENTIAL INFORMATION 



1.31 



Comparison 
Structures * 



of CeU 



Based on the detailed organization of their 
cellular structures, eucaryotic microorga- 
nisnas are more complex. 

/ 



Bacteria (including the blue-greens or cy- 
anobacteria) are procaryotic, whereas fungi, 
protozoans, and algae are eucaryotic. 



Viruses are neither procaryotic nor eucar- 
yotic, since they lack a true cellular organi- 
zation*. 



B. ENRICHMENT, INFORMATION 
Eucaryotic organisms possess a defined 
membrane-bound nucleus, which may be 
visible with the light microscope in either 
stained or unstained preparations. 

Distinguishing procaryotic and eucaryotic 
features are summarized in Table 1. , 

Many of the functions performed by var- 
ious membraneJbound organelles in eucar- 
yotic cells are associated with the cytofilas- 
mic membrane in procaryotes. 

Most bacteria, including cyanobacteria 
(formerly known as blue-green algae), are 
unicellular and lack an organized nucleus. 

Cyanobacteria contain photosynthetic ap- 
paratus ^thylakoid) with chlorophyll a. 
Other pjiotosynthetitf'bacteria lack chloro- 
phyll a, but contaSh^bacteriochlorophyUs a, 
b, c, and d. 

Viruses replicate only in living cell^ 

Viral groups may be differentiated on tlie 
basis of the type of nucleic acid core/Viruses 
contain DNA or RNA, never both. 



C. PRACT^ICAL ACTIVITIES 



With the exceptions of the nucleus and 
the chloroplast, most eucaryotic organelles 
are not visible with light microscopy, '^but 
they are visible with electron microscopy. 



Prepared niicroscope slides may be used 
.to show size relationships among various 
microorganisms. ^ . 



Typical electron micrographs may be ex- 
amined to show that viruses lack a cell wall, 
cell membrane, and cytoplasm and contain 
a nucleic acid core. 



Table I, Features distinguishing procaryotic and eucaryotic cells 



Feature 



Procaryotic 



ir 



Nuclear body • 



Cytoplasmic nature and structures 

Cytoplasmic streaming 
Pinocyiosis ^ 

Internal membrane«*bound o?ganeUes 
Mitochondria ^ 

Golgi apparatus (dicytosomes) 
Endoplasmic reticulum 
Chloroplasts i 

True vacuoles 
Cell wall 

Locomotor organoids 
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Not bounded by 4 nuclear membrane 
One circular chromosome 
No mitotic^or meiotic division 
Nucleolus absipnt 



Absent 
Absent 

Absent 
Absent 

Absent 
Absent 

Absent s». 
Absent . 

Presence of peptidoglycan 
Simple and noncontractile 



Eucaryotic 
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Bounded by a nuclear membrane 
One or more linear chromosomes 
M,itotic and meiotic division 
Nucleolus present 



Present 
Present 

Present ^ 
Present 

Present , 
Present 

N^May be present, depending on type of organism 
Present 



Absence of peptidoglycan 
MultifibriUed and contractile 



■ TOPICS AND SUBTOPICS * 

2.0 Survey of the Micro- 
bial "World 

^y^X P Classi^catidh 



A, ESSENTIAL fj^FORMATION 

• Biological classification (taxonomyTis the 
systematic arrangement of organisms in 
groups or categories (tax^. 



- ^ 



B. ENRICHMENT INFORMATION 

One.of the primary criteria used in clas- 
sification is the mode of obtaining carbon 
(autotrophic or heterotrophic). AUtotrpphs 
and heterotrophs can be further divided into » 
groups according to their source of energy. 

Additional classification criteria include: 
ability to grow in the presence of free oxygen 
(aerobic and ^naer(5bic), gdanine-cytosine 
(G-C) r^tio, and in some instances chemical 
composition of the cell wall and means of 
motility. 

In the case of bacteria, serological (im- 
munologicair classification can be used 
where mWphology, physiology, dnd .^otjier 
properties of two bacteria are similar. Orga; 
nisms identified by serological means are 
referred to as serotypes. 



^.11 Nomenclature 

{ 

2:12 Binomial System 



Nomenclature refers to the terms used in 
the systematic and scientific naming of or- 
ganisms. 



All microorganisms except viruses have at 
least j:wo names: genus and species (binomial 
systeVn of nomenclature). 



C. PRACTICAL ACTIVITIES 



Bacteria can be classified on the basis of 
several demonstrable 'characteristics, includ- 
ing cell shape (coccus, rod, spjjrillum), Gram 
stain reactions, photosynthesizing capabil- 
ity, and the ability to grow in different me- 
dia, fl. 



/ 
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ERIC 



The naming of bacteria, for example, is 
governed by an internationally accepted set 
of rules (International Code of Nomencla- 
ture of Bacteria). 

A genus represents a group of very closely 
related species. A species represents one 
kind of microorganism capable of ihtei^ 
deeding with one of its own kind only orV 
descendants from a single cell line. / 

The names of both genus and species are 
Latinized and are descriptive of anXorga- 
nism's properties, e,g^, Micrococcus (a Small 
grain), albu8 (white)* therefore, a small, 
spherical organism which produces white 
colonies. The first name of an org;^nism is 
the genus; the second is the species. The 
first letter of the genus is capitalized, 
whereas the first letter of the species is not. 
Both designations are italicized or under- 
^ lined. 

Introdui^ory Microbiology— 9 
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TOPICS AND SUBTOPICS 
.2 The . Five-Kingdom 
Approach of Whit- 
taker (Note: other ap- 
proaches exist.) 



IN, 




J.21 The Animal Kingdom 



2.22 The Plant Kingdom 



2.23 The Fungi 



km0 tJ 



A. ESSENTIAL INFORMATION 
Based on their characteristics, organisms 
are grouped into the following five king- 
doms: Animal, Plant, Fungi. Protista.^ and 
Monera. 



The Animal Kingdom includes organisms 
that are multiceUular, eucaryotic, and non- 
photosynthetic; that lack cell walls; and that 
have tissue differentiation and holozoic nu- 
trition (capable of ingesting entire particles 
or whole organisms). 



The Plant Kingdom includes organisms 
that are multicellular, eucaryotic, and pho- 
tosynthetic and have tissue differentiation 
and holophytic (absorptive) nutrition. 



nutrition. 



C. PRACTICAL ACTIVITIES 
Microscope slides can be used to demon- 
strate the different organisms found in Pro- 
tista and Monera. 

Wate'rbury, J. B., and R. Y. Stanier. 
1978. Patterns of growth and development 
in pleurocapsalean cyanobacteria. Micro- 
biol. Rev. 42:2-44. 



B. ENRICHMENT INFORMATION 

The five kingdoms are differentiated pri- 
marily on the basis of the mode of obtaining 
energy, morphology (simple or complex), 
and motility. 

The Plant and Animal Kingdoms are dif- 
ferentiated by the presence or absence of 
photosynthetic pigments, i.e., chlorophylls 
a, 6, and c. 

Most animals are motile and lack cell *" 
walls, whereas most higher plants are non- 
motile and possess cell walls containing eel- ( 
lulose and fungi and lack chlorophylls. Some 

Protista (alga^^ju-e more closely related to ' • 

plants, whereas certain other Protista (pro- ^C^- 
tozoans) are more blosely related to the an- 
imals. 

a 

The tissues of higher animals are grouped Most a n i ma ls may be shown to respond to 
into organs and systems. Most higher ani- X^xtemal stimuli (irritability) 
mals reproduce primarily by sexual meailBr-^* " 
Most animals usually ingest solid food (ho- 
lozoic), which is broken down into smaller 
components by enzymatic activity in the 
digestive tract. 



Examination of either living or preserved 
specimens may show that most animals pos- 
sess a digestive cavity. ^ 



Fungi are achlorophyllous, unicellular, 
and/or multiceUular and exhibit holophytic 



Tissue differentiation in higher plants be- 
gins with parenchymal cells, which may give 
rise to supporting and conducting tissues, 
i.e., tracheary elements. 

Some plant cells are nonliving at maturity 
but still carry out specific functions, e.g., 
vascular and supportive plant tissue. 



Most fungi are chemoorganotrophic (het- 
erotrophic) and aerobic saprophytes; how- 
ever, some are parasitic and pathogenic. 

All fungal class members except the Deu- 
teromycetes (Fungi Imperfecti) can repro- 
duce sexually as well as asexually. 

The hyphae of some fungi are nonsepUte, 
whereas the majority are septate. Aggre- 
gates of hyphae are referred to as mycelia. 

Diseases produced by fungi may be di- 



Examination of either living or preserved 
specimens will show that most higher plants 
are differentiated into tissues and true roots, 
stems, and leaves which are composed of 
specialized cells and tissues; lower plants 
lack true roots, stems, and leaves, but may 
be multi-cellular with little differentiation in 
cell types. 

M^ia such as ^^abouraud's dextrose agar 
can lie used to show that fungi are acido- 
philic} i.e., grow better in an environment 
with^ low pH. Prepared microscope slides 
may be used to show cellular features of 
fungi. 
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TOPICS AND SUBTOPICS 
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The Protista 



■ • ■ . ■ ^ . ' ' ■ \ ■ ■ • 

A. ESSENTIAL INFORMATION B. ENRICHME1|IT INFORMATION 

^ vided into two 'types, superficial mycoses 

and systemic mycoses (Medical Microbiol- 
s ogy, Topic 16).« 

Some fungi produce powerful toxins (my- 
cotoxina, e.g., aflatoxin) (Medical Microbi- 
^ ' ology, Subtopic 7.82). 

The Protista consjst of eucaryotic, pre- The algae excluded from the Protista are 
dominately unicellular organs that include multicellular and display cellular differentia- 
alg6e and protozoans. tion with complex morphology, i.e., holdfast, 

stipe, and blade (which have some resem- 
fi ' hjan^s to root, stem, and leaves). 

\ Soine protozoans have either ingestive or 

phagotrophic nutrition. All are hetero- 
trophic and most are motile in at least one 
^ stage of their life cycle. 

Most Protista are predominately aquatic 
in habitat, T)ut some are able, to grow and 
multiply in moist soil. 

Some Protista possess characteristics of 
algae and protozoans; e.g., Euglena and 
slime molds, and^ generally lack rigid cell 
walls. 



2.25 The Monera 



The Monera consist of unicellular procar- 
yotic organisms, namely aD bacteria which 
include the blue-greens or cyanobacteria. 



Autotrophic Monera may be divided into 
photoautotrophs and chemoautotrophs. 

Photoautotrophs are divided into two 
groups: those able to carry out anoxygenic 
photosynthesis (not producing oxygen) and 
those able to carry out oxygenic photosyn- 
thesis (producing oxygen). 

Most chemoautotrophs (lithotrophs) are 
able to obtain energy from, the oxidation of 
, Hz. NO2. NH4^ H2S. 

Many heterotrophic Monera utilize or- 
ganic substances as a source of energy as 
well as a source of carbon (Microbial. Phys- 
iology. Subtopics 2.1, %21, and 5.23): 

•Some heterotrophs are obhgately para- 
sitic and pathogenic (Medical Microbiology, 
Topic 15). 



C. PRACTICAL ACTIVITIES 



Living material or prepared microscope 
slides may be used to demonstrate that the 
Protista contain the two groups, the micro- 
scopic algae, and the protozoans! 

Laboratory cultures may be used to dem- 
onstrate the growth and reproductive prop- 
erties of Protista. 



Autotrophic members of the Monera may 
only be grown in inorganic media, whereas 
heterotrophs must have organic substances 
for cultivation. 

Microscope slides prepared from living 
cultures or photomicrographs may be used 
to show Various properties of the Monera. 



3,0 




Microscopy and 

Staining^ 

Microscopes 



Microscopes are of two categories, hght Resolving power, or the ability to show 

Introductory Microbiolpgy— 13 " 



Diagrams may- be used to show that 
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. A. ESSENTIAL INFORMATION 

and electron, depending upon the principle 

,on which the magnification ia based. 



B. ENRICHMENT INFORMATION 
detail, is the true measurement of any mi- 
croscope. It ia inversely proportional to the 
wavelength of the illumination sovu-ce used.^ 
Since electrons have a much shorter' wave- ' 
length than." visible light, electron micro- 
scopes are capable of much greater resolu- 
tion. ' 

A functional bright-field microscope 
should have the capability of.resolvihg ob- 
jects that are 0.2 /un in diameter. 

Electron microscopes differ in several re- 
spects from light microscopes. A series of 
electromagnetic lenses is used^ a condenser 
system to concentrate the source of illumi- 
nation, electrons, which have the wave- 
length of 0.05 A (10-^ /un). to 

Transmission electron microscopes 
(TEM) not only are capable of better resolv^ 
ing power, but are also capable of producing 
useful magnification ranging firom 100,000 to 
over500,OOQ. 

An SEM can resolve objects 0.01 to 0.02 
ptm in diameter and has approximately five 
times the depth of field obtainable with a 
TEM. The SEM can be used to determine 
size, shape, and surface features of speci- 
mens. 



0. PRACTICAL ACTIVITIES 
bright-field or lightrmicroscbpes used to ob- 
6erve biological forms are composed of a 
series of lenses and are called compound 
microscopes and .tha^ there are two types of 
electron microscopes, transmission (TEM) 
and scartnii\g (SEM). Both electron micro- 
scopes use electrons rather than visible light 
as the somce of illumination. 



The choice of the microscope to use de- 
pends on the nature of the specimen and the 
information required. 



. The bright'field or light microscope usu- 
ally is used for the examination of living and 
stained preparations, e.g.. Gram stains, cap- 
sule stains, and spore stains, etc. 
• Dark-field microscopy^Sirbe employed 
for the detection of microbial motility and 
the presence of 'microorganisms in various 
specimens. 

Biological preparations (generally non- 
conductors) studied by electron micro&opy 
must be treated in a manner to preserve 
structure and to distinguish them firom their 
' respective background surfaces. 

Intracellular submicroscopic organelles 

can only be seen with the TEM and requires 

specially prepared specimens. 
Introductory Microbiology— 15 
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TOPICS. AND SUBTOPICS 



A. ESSENTIAL INFORMATION 



3,12 ''Advantages of Specific 
i Types of Microscopes 




' 3.13 Bright- Field Microscopy 



3.2 , Staining Techniques 



3.21^ Major Differential 
Staining Procedures 



*^^Each type of microscopy and each method 
of specimen preparation offer some advan- 
tage id the demonfitration of microscopic 
structures and other features of microorga- 
nisms.. 



The bright-field compound microscope is 
one of the most commonly used instruments 
in the microbiology laboratory. 



A variety of colored organic compounds 
(dyes) and staining procedures are used in 
the study and categorization of microorga- 
nisnas. 



The use of staining procedures enables 
the individual to observe cells and their re- 
spective parts more distinctly and to distin- 
guish among certain cells and/or their as- 
sociated structures. 



B. ENRICHMENT INFORMATION 
Preparation techniques for electron mi- 
croscopy inblude shadow-casting, A'eoze- 
etching, surface impressions or repUcasi elec- 
tron stainingi'and ultrathin sectioning (slic- 
ing). , 

Dark-field microscopy ia useful in observ- 
ing very fragile, difficult to stain organisms, 
(such OS spirochetes), OS well as certain se- 
lected cellular activitieB. 

Fluorescent microscopy has been used ex- 
tensively for purposes of disease diagnosis 
and detection of proteins such'Ss immuno- 
globulins. Fluorescent dyes are attached 
(coupled) to antibodies or immunoglobulins 
which combine 9nly with the specific anti- 
gens, or substances that caused their infor- 
mation. Resulting colors will vary depending 
on the type of fluorescent dye used and the 
structures stained. 

Most bright-field microscopes can be cal- 
ibrated with stage and ocular microhieters. 

Phase-contrast can be obtained with a 
special optical device to enhance differences 
in refractive index and density of the speci- 
men. 

Most dyes are basic and, therefore, have 
a strong affinity for the aciciic components 
of cells, e.g., nucleic acids. Som^ dyes, when 
used in combination with oth^r reagents, 
may form a complex and may be retained by 
the bacterial cell. ^ 

Many dyes also may be used to inhibit 
certain microorganisms. Some of th^&e dy^s 
may be added to media (selective me<iia) or 
used for the* treatment of certain disekses. 



C. PRACTICAL ACTIVITIES 



ERJC ai 
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Preparations of certain b^teria which are 
difficult to see with ordinary light micros- 
copy may be treated with fluorescent dyes 
and exposed to ultraviolet light to make 
them visible. 



Many microorganisms may be seen with 
the bright^eld compound microscope. 



Bacteria may be stained by techiuqiies 
with single dyes known as simple staiining 
procedures or techniques with combinations 
' of dyes and with or without the use of de- 
colorizing agents, which are referred to as 
differential staining procedures. 



Differential procedures may be used to 
separate microorganisms into specific 
groups, e.g.. Gram stain and acid-fast; to 
promote visibility of structures such as 
spores, flagella, and capsules; and to aid in 
microbial identification. 



Toiica ANiXaunTOiuca 




Other Qifferential Stain- 
ing ProQttditroB 




Microbial Cultivatioii 

The Nature of Media 



.A 



^ A, KaaWNTIAL INFORMATION^ 
On tho btmlfl of O^am Htainlng reHulta, nil 

bacteria may bo (livldod into two groupa^ 

gram positive and. gram negative. 
VarlouBfactora may cuvtae a gram-poaltlvo 

organlam to ataln gram negatively; thoae In- . 

elude aglng» injury to the cell wall, and cul« 

tivatlon in an acidic medium. 

Other '(differential staining procedunra for 
such structures as spores, flagellar anicap^ 
sules can be used in the identification of 
bacteria. 



n, ISNniOHMKNT INFOUMATION 
dram-negtttive organisma may exhibit a 
ffranvpoflitivo reaction only with Improper 
atainlng. , v 

^t\\o acid;faat ataln la doalgned to detect 
nrilcroorganlams poHsoaaing aubatancea (hy* 
drophobic) on the cell wall, e,g„ Mycobac* 
teriim tuberculoBis* 

Endospores generally resist ordinary, 
staining procedures. Application of heat dur- 
ing spore staining is necessary for stain pen- 
etration to occur. 

Since bacterial flagella are so thin (0,02 to 
0.028 jiim) theyrlJKi be demonstrated only by 
the depositing of dye particles onto their 
surfacea 

With capsule stains using India ink, it is 
the background surrounding the structure 
that is stained rather than the capsule itself. 



The media used in the growth of micro- 
organisms can be subdivided into two 
groups: complex and synthetic. Complex 
media are those for which the chemical com- 
position is not defined, e.g., potato, bloody 
milk, meat extract, etc. Media must fiilfilL 
the nutritional requirements of ndcroorga- 
"-msms. 
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Ail complex media are not applicable for 
the cultivation of all types of microorga- 
nisms. Natural media such as milk and se- 
rum can be sterilized by special techniques 
and apparatus. Filtration is an example of a 
procedure used for the sterilization of natu> 
ral media as well as heat-labile material. 

Microorganisms requiring complex or spe- 
cial sources of growth factors are referred to 
as nutpritionally fastidious organisms, e.g., 
parasitic and certain pathogenic organisms. 

The selection of a medium depends on the 
needs of the organism to be cultured. 
^ An energy source is needed for ail media 
Wcept those preparations used by photo- 
ai^otrophs. 

The nitrogen source may be inorganic 
(NH^"*", NOa") or organic (protein^ and re- 
lated compounds) or both, depending on the 
orgiyiuam. 

^ The carbon source may be inorganic 

(COa"", HCOa^) or organic compounds such 
as lipids, carbohydrates, or proteins. 
Introductory Microbiqlogy^lS 
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Systomatio Study of 
the Microbial World 
Bacteria 



11 Gram Reactions 



12 Cell Structure 



J J 



Mudin m\y l)« wmd a viU'loty of \m- 
poHDH, IncludlnK l)lo<mM«y, UhnUllloiUion tuid 
iNolatiou of purtloidar orgnulHinHt and antl* 




The bacteria are procoryotic, unicellular 
organisms. They are structurally simple, and 
on the basis of cell shapes at least three 
broad groups are recognized: bacilli (rods), 
cocci (spherical and ovoid), and spirilla (spi- 
ral and corkscrews). 



Bacteria can be divided into two cate- 
gories on the basis of ttteir reaction to the 
Gram stain procedure^ gram-positive and 
gram-negative. \^ 



Bacterial cells do\iot contain discrete 
membrane-boimd structures. 



ii, iiir5uiauMiWT inhumation 
Somo oi'Haalflum \my \\{i\\m Inorgmilq mU 
(\\v^ }N\mmn Q{\\m r^quir^ orpuio n\\\t\n 
mi)\\ mm\t[\v coutflifiiiig amino (m«- 
(hlonlno^ oyniolno, oy^ilno), 

Vaii()\iH dyofl, antlblotloM, and olhorn\a* 
torial are Inoorpomtod into n^odla to iiddt)it 
01 favor tho growtli of coitaia mloroorga- 
niamfl. ^ 

pH indicatorn avo addocl to nuidiu to dotoot 
a(!i(| 01' alkalino Htatoa. 

Eh indicators aru \itili/,0(i to dotuct aorol)ic 
or anaorol)lc conditionH. 
.A variety of spocific componncifl (Hub- 
Hftatofl) n)ay bo addod to rnodin to detect 
onzymutic activities and pattorns of n^icro- 
organisms. 

Media may bo li(pdd (broth), Hemiaolid, or 
solid. ) 



Bacterial stru^ures such as endospores, 
capsules, and flagella are not found with all 
kinds of bacteria. Endospores ore structures 
that enable cells to withstand adverse con- 
ditions, capsules are structures that enable 
some cells to avoid phagocytosis, and flagella 
are organelles of locomotion. 



Bacterial enzymes that generate energy 
are located on membranes that are not or- 
ganized into discrete organellea 

Photosynthetic ba'i^eria contain pigment 
centered on iimer membranes that absorb 
light energy of a different wavelength than 
the photoreceptors of eucaryotic plants. 
Introductory Microbiology ^21 



a, IMIA(^TI{^A1. AOTIVITIKH 

1 



Modia applloatlouH inoludo Holootlvo im- 
(lla for tho iMolatlou of HpooifUi orHaninniH, 
o.g,, flnbouraud'H agar, tomato Ju|<!o, and ' 
antihiotlo'contalning pniparationa; difforon' 
tial modia to dlHtinHuinh among almilar or- 
ganlHinH, «,«„ blood agar; Molootivo and dif- 
forontial modia .proparatlonn having tho 
combinod proportion of difforontial and ho- 
loctivo inodia, o.g„ ooain mothylono bhio 
agar; onrlclnnont modia to promote tho 
growth of (mo typo of organism ovor otliors, 
o,g„ propagations for various autotrophs; 
uod all'purpoHo modia which support tho 
growth of a wide variety of orgimisms, ^,g„v 
nutrient agar. 



Bacteria may bo cultivated in the labora- 
tory on various kinds of media or in an 
appropriate kind of tissue culture system. 
The size, shape, and cellular arrangement of 
various kinds of bacteria may be determined 
when wet mounts and/or heat-fixed smears 
are observed under a compound microscope. 



TEMs of bacterial cells may be used to 
demonstrate a granijdated cytoplasm and 
dense areas (called ^nuclear region), and 
the conspicuous absence of membrane- 
bound struchnres. 
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TillHUH AND HlHVrOIM(JH 



1^" 



/■ 



many fipnt^Si ^ft^li of whioh im\&^ for »intir<i 



m\m^ HV« l)*iJiiiVii(| Iff) ftuuuion duriug c^l 
(livialoh thvongh <\\^ \^\A\m{\m of (ha bi^o^ 



of UiipvodiMJ- 



6.2 



6.21 



ActivitioB 
tlonB 



and Aasooia- 




\\mi^x\\\ do not iuo ry out tha procuBrtUH of 
oUtotiIti or iouIohIh, MoMi Imc^liikiH rt^prodot'M 
(IuouhI) i)»t)Hunl protioHMMH \w \\w \mx^ 
oiu i« divided oqoidly hotWiJiiU two prog' 
m\i (imHh. nooti^vlal roUrt <iohtnlo only idon- 
tUral ropU>rt of ortch Kop« aftMr n^ioxoid ropro' 
duoilon. Ah n vimuU of thin plujuonionon, 
tUoy idwayH onlHt In th" linploid Htnio (IN). 

Fungi aro ortfanlHiim that utlUzaonly or- 
ganic HuhHtancoH aa a carhon tiourco (hotor* 
otroplUc nutrition). 



ThoHu organiBniB lack chlorophyll and 
other photosynthetic plgmonta. 



Curtain Idndu of hnoiuvia po^Hi^if^ hok pill) 
Mlruotvuafl that Amotion In yunu trau^ifor 
fVoni donov to roolpiont ooIIh, 



Fungi contributti Hlgniflcuntly to m\\ for- 
tility by ruluaaing anudl organic inoluculoH to 
ocoHyHtoina from tho (logrudntlouH of bio- 
nwiHA. Cortain Aingi degrade and obtain iitl- 
llzablo couHtituentH from plaaticn, crude oil, 
paintH, ^leather, etc. *- 

Some fungi can live optimally in extreme 
onvironmQnts as fre^diving entiti^ and ab- 
Horb minerals and nutrients from rocks and 
other substrates that cannot be utilized by 
other heterotrophs. 

.Certain fungi have characteristics that on- 
able them to live mutuolistically with higher 
plants (mycorrhizae) or algae (iichena). 

Fungi that are parasitic obtain their nu- 
trients from other living organisnfis) 

Pathogenic fungi produce two general cat- 
egories of infections in humans* those pri- 
marily associated with the skih and its ap- 
pendages (dermatomycoses); and those that 
inyolve.variqus organs of the body (systemic 
mycoses). 

Fungi such as Aspergillus fumigatus 
cause opportunistic infections] In addition, 
A. flavus and other organismd produce af- 
latoxins. 
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Media contaliting Hulmtancoa Huch im*^ 
Htorch, gelatin, or liplda may l)e uued to show 
that (\nigi excrete a wide variety of hydro- 
lytic onzyinofl. 



Field samples of fungi maybe used to 
show that these organisms, which i^; sap- 
rophytes, obtain their nutrients from cipad 
or decomposing organic matter 



TOPICS AND SUBTOPICS 
5.2^1 Structure and Organiza* 
tion 



A. ESSENTIAL INFORMATION 
Fungi have dificrete membrane -bound or* 
ganeUes. 



5,3 



Protozoans 



Protozoans are predominately uniceUular 
organisms that lack ceU walls and exhibit 
some form of locomotion during their life- 
times. 



5.31 



Organelles 



Protozoans contain discrete membrane 
bound organelles. 



B. ENRICHMENT INFORMATION 
Molds may have multinucleated hyphae 
with cross walls {s^pt&te) or without cross 
walls (nonseptate) and produce various 
kinds of spores that are characteristic of a 
particular ta^conomic class. 

Yeasts are generally nonfilamentous, but 
some yeasts have a filamentous phase. Di- 
morphic fungi, when subjected to a specific 
environmental change, exhibit both a yeast 
phase and a mycelial phase. 

Types of organeUes of locomotion are usu- 
ally characteristic for protozoan groups. 
Many types of protozoans are motile only 
during certain stages. (Introductory Micro- 
biology, Topic 10). 

Certain protozoan cells assimilate inor- 
ganic chemicals such as calcium and silicon 
into their outermost structure. Such sub- 
stances tend to give cells rigidity. The vari- 
ety of shapes exhibited by certain kinds of 
protozoans can be attributed to features of 
growth periods. 

Protozoans that concentrate inorganic 
substances in their shells become temporary 
reservoirs of those substances and play a 
role in geochemical cycles. 

The variety of morphological forms ex- 
hibited by a particular protozoan is often 
referred to as being analogous to stages of 
ceU differentiation in higher organisms. 

Certain ciliates also can use their loco- 
motion organeUes as sensory organs of 
touch. 




Members within one group of protozoa 
(the Ciliata) possess two nuclei: a macronu- 
cleus that regulates cellular functions and a 
micronucleus that is associated with sexual 
reproduction. 

Macronuclei (sometimes more than one 
per ceU) contain many copies of deoxyribo- 
nucleic acid (DNA), but do not function in 
mitosis or meiosis. 
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C. PRACTICAL ACTIVITIES 
TEMs may be used to show the presence 
of various kinds of membrane-encircled 
structures, and that chloroplasts are absent. 



Wet mounts or hanging-drop prepara- 
tions may be used to show that proa)z6ans 
are able to move by various mechanisms and 
organeUes such as ''amoeboid motion," cilia, 
or whiplike flageUa. 



Transmission micrographs may be used 
to show organelles such as nuclei, mitochon- 
dria, etc 
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TOPICS AND SUBTOPICS 



4 Algae 



41 Pigmentation 



42 



Cell Structures 



.5 



.51 



Viruses 



Nucleic Acid 
nents ^ 



Compo- 



A, ESSENTIAL INFORMATION 



Algae are photoautotrophic organisms 
that have various kinds of photosynthetic 
^g^gmentft. 



Chloroplasts are present in all algal cells. 
Pigments present in the chloroplasts of algae 
include chlorophyll a, b, c, and d. Other 
kinds of pigments vary considerably among 
species of different groups. 



Tliese organisms have cell walls and var- 
ious discrete membrane-bound organelles 
typical of eucaryotic cells. 



All viruses are acellular, submicroscopic, 
obligate, intracellular parasites. 



Viruses contain either ribonucleic acid 
(RNA) or DNA, but never both. 



B. ENRICHMENT INFORMATION 
Certain protozoans exist in diploid (2N) 
states during a major portion of their life 
cycle. 

The photopigment complement present 
in the chloroplasts of different algae deter- 
mines the specific wavelength of solar radia- 
tion that can be used in photosynthesis. 

The biochemical reactions that occur dur- 
ing algal photosynthesis are similar to the 
kinds of reactions characteristic of plant 
photosynthesis. 

The colors of different kinds of algae re- 
sult from the ratio of various chlorophylls 
and other pigments present in their chloro- 
plasts. 

Bodies of water (ponds, lakes, streams, 
etc.) often appear greenish or red due to the 
abundant growth of algae. Such accumula- 
tions are called algal blooms. 

Photoreceptors may be located in the 
membranes of chloroplasts. 

Chloroplasts in algal species may differ in 
shape, size, and the number present in cells. 

Chloroplasts are self-replicating organ- 
elles. They contain their own DNA, which 
differs h*om that found in the ceU's nucleus. 

Cell walls of algae are composed of plant- 
like constituents, but certain kinds of car- 
bohydrates are unique to particular groups. 

Rigid cell walls are conspicuously absent 
in organisms classified as euglenoids. 

Certain algal cell walls contain silica and 
polysaccharides (agar, alginates, and carra- 
geenan). 

Viruses do not contain metabolic enzymes 
and ribosomes with which to carry out the 
process of protein synthesis. 

Viruses are too small to be observed by 
light microscopy. 



C. PRACTICAL ACTIVITIES 



Examination of living or preserved speci- 
mens can be used to show the photosyn- 
thetic organelles of algae. 



Introductory Microbiology —27 



/I O 



TOPICS AND SUBTOPICS ESSENTIAL INFORMATION 

, . / Spector, D. H., and D. Baltimore. 1975. 

The molecular biology of polio-viruses. Sci. 
Am. 232:24-31. 



6.0 Bacterial Structure 
and Function 

6. 1 Cell Shape Bacterial species exhibit one of three gen- 

eral forms: spherical (coccus), cylindrical 
(rod), or spiral. 



6. 1 1 Cellular Arrangements Depending on the species* bacteria exhibit 

a variety of arrangements of these shapes. 
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B. ENRICHMENT INFORMATION C. PRACTICAL ACTIVITIES 

Viruses in an extracellular state (virions) 
are infectious, but incapable of self-replica- « . . 
tion. * 

The nucleic acid in the core of both DNA 
and RNA viruses may be either single- or 
double-stranded. ^ ^ 

Piddes, J. C. 1977. The nucleotide se- ^ 
quonco of a viral DNA. Sci. Am. 237:54-67. 

The nucleic acid core of viruses is sur- 
rounded by a protein coat or other covering. 



Some bacteria do not ex^bit one of the 
three general forms, e.g., some bacteria are 
stalked, some are branching, some are pleo- 
morphic, and some exhibit characteristic ex- 
tension of cell parts (prosthecat^). 

If the cell wall of cocci, rods, or spirals is 
removed, they all tend to assume a spherical 
shape, e.g., spheroplast or protoplast. 

Some bacteria may display pleomorphism 
(irregular shapes). 

Some gram-positive and gram-negative 
bacteria may lack cell walls when grown in 
media containing an antibiotic such as^pen- 
icillin, which blocks cell wall synthesis. 
cells usually display spherical shapes ^ib 
high-salt environments and lyse in a low-salt 
environment, and some may not revert to 
walled organisms. When such wall-less or- 
ganisms occur in nature, they are referred to 
as L-forms. 

Members of the family Mycoplasmata- 
ceae have no cell walls. 

Spiral -shaped bacteria such as vibrios 
may appear in the form of short, incomplete 
spirals. Others may appear as a thick,- rigid 
spiral (spirillum) or a thin flexible spiral 
(spirochete). 



Stained preparations of the three general 
bacterial shapes (coccus, rod, spiral) are eas- 
ily observable with the ordinary microscope. 



Prepared microscope shdes of cocci may 
be used to show morphological arrange- 
ments in pairs (diplococci), chains (strepto- 
cocci), clusters (staphylococci), fours (tet- 
rads), or cuboidal arrangements of eight 
(sarcinae). 
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TOPICS AND SUBTOPICS 

6.2 Surface-Aasociated 
Structuref / ; 

> • • >■ 
6.21 Capsules 



^ ' A. ESSENTIAL INFORMATION 

Several microbrga]iism9 have a variety of 
svuface-associated structures. These include 
^ « caplules/ slimes, flagella, and pili« 

^ Some bacteria are surrounded by a vis- 
_s<:qus layer termed a capsule or a slime layer 
which ifnay serve a variety of functions. 



6.22 Flagella 



; Some bacteria produce hair-like append- 
ages dialled flagella which serve as organelles 
pf 'locomotior^f (Microbial Physiology, Sub- 
topic 6.227), / 



B. ENRICHMENT INFORMATION 



Capsules are structures with a definite 
spherical shape surrounding the cell. The 
slime layer has no definite shape. 

Most capsules and slime layers are com- 
posed of complex polysaccharides. Some are 
composed of polymers of glutamic acid, e.g., 
Bacillus anthracis. 

Capsules may serve as extracellularly 
stored reserve food, may protect cells from 
dehydration and phagocytosis, are fre- 
quently related to virulence, and can be used 
in vaccines; some capsules are in commer- 
cially important products, e.g., the blood 
substitute dextran. 

The synthesis of capsules is greatly influ- 
enced by the bacterium's environment. 

Flagella originate in the cell membrane 
and are not visible with an ordinary micro- 
scope without the aid of special staining 
procedures. 

Flagella may be found |n various arrange- 
ments. This property is used in bacterial 
classification. Bacteria displaying a single 
flagellum at one end of the cell are referred 
to as polar monotrichous;^ there are more 
than one at one end, it is polarly lophotri- 
chous; if there is one or more flagella at each 
end of the cell, it is amphitrichoua; if flagella 
£U'e inserted all around the cell, the arrange- 
ment is referred to as peritrichous. 

A few motile bacteria^lack flagella and 
move jistead by a gliding or flexing motion. 

Motile bacteria represent the simplest ex- 
ample of microbial behavior in nature in 
that they are capable of taxis (a motile re- 
sponse to an environmental stimulus) (Mi- 
crobial Physiology. Subtopic 6.223). 

Flagella are composed of the protein fla- 
gellin. They appear as semirigid, noncon- 
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C. PRACTICAL ACTIVITIES 



Staining techniques may be used to dem- 
onstrate bacterial capsules and/or slimes. 
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TOPICS AND SUBTOPICS 



A. ESSENTIAL INFORMATION 



6.23 PUi 



Certain bacteria possess filamentous sub- 
microscopic appendages knowq as pili, 
which have several functions. 



6.3 



CeU Wall 



Most bacteria have rigid cell walls with a 
unique chemical composition. This chemical 
composition is frequently used in the classi- 
fication of bacteria. 



dn\ 



B. ENRICHMENT INFORMATION^ 
tractile, hollow fibrils and consist of a ho^k- 
like structure and a long filament. \ 
The ability to produce flagella is geneti- 
cally determined. Flagella remain attached 
to the cell if the cell wall is removed. . 

Pili haye na specific arrangement. The^ 
generally protrude all around the cell, origi- 
nating from the cell membrane, and are com- 
posed of the protein called pilin.. 

One kind of pilus, the sex pilus, serves in 
the transfer of genetic material during con- 
, jugation (bacterial mating). It has been spec- 
ulated that pilation is related to virulence, 
since pilated organisms are known to attach 
more efficiently to mammalian cell surfaces. 
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Bacterial cell walls are made of complex 
polymeric substances known as peptidogly- 
cans, which are reisponsible for their rigid 
nature. 

The bacterial cell wall contains many dif- 
ferent amino acids, amino sugars, carbohy- 
drates, and lipids. Diaminopimelic acii 
(DAPA), muramic acid, and teichoic acid 
are unique to the bacterial cell wall. Pepti- 
doglycans are very large polymers composed 
of three kinds of building blocks, acetylglu- 
cosamine (AG A), acetylmuramic acid 
(AM A), and a peptide consisting of four or 
five amino acids of a limited variety. Amino 
acids are of the D configuration, which is not 
usually found elsewhere in nature. 

Gram-positive bacteria have a cell wall 
composed almost entirely of a thick layer of 
peptidoglycan to prevent osmotic lysis, Tei- 
choic acids are also components of such cell 
walls. 

Gram-negative bacteria^ve a niultilay- 
ered cell wall consisting of othin inner layer 
of peptidoglycan to prevent osmotic lysis 
surrounded by an outer envelope of lipo- 
polysaccharide and protein (which may help 
to retain certain essential enzymes and pre- 
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C. PRACTICAL ACTIVITIES 



Electron micrographs may be used to 
show that not all bacteria possess pill, pili 
are thinner and more numerous than fla- 
gella, and piliated organisms tend to attach 
to other objects such as inert surfaces, living 
cell surfaces, and otHi^ bacteria. 
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TOPICS AND SUBTOPICS 



A. ESSENTIAL INFORMATION 



; B. ENRICHMENT INFORMATION 
vent some to3uc substances from entering 
the bacterium). Gram*n<egative bacterial 
walls usually lack teichoic acid. 

The lipid component of the outer mem* 
brane of the gram*negative cell ^all may 
also play a role in bacterial patKoge&icity by 
acting as an endotoxin. 



C. PRACTICAL ACTIVITIES 



6.4 



Internal Structure 



Internally, microorganisms may contain 
several structures including the cytoplasmic 
membrane, mesosomes, nuclear region, and 
ribosomes. 



6.41 



Cytoplasmic Membrane 



6.42 



Mesosomes 



^ Immedia^ly beneath the cell wall is a 
thin semipermeable membr.ane,. the cyto- 
plasmic membrane, th^t regulates the pas- 
sage of materials into and out of the cell 
(Microbial Physiology, Topic 6). 



Mesosomes are internal extenjsions of the 
cytoplasmic membrane which are associated 
with a variety of cellular processes. ] 



The cytoplasmic membrane is semi- 
permeable, composed of three layers, and 
houses a large number of enzymes including 
cytochromes and permeases. Th^" bacterial 
cytoplasmic membrane, composed of pro-f 
teins and lipids, is a typical biological mem- 
brane similar to those found in other cells. 

A cell may be killed by damage to the 
membrane from harsh treatment with phys- 
ical or chemical agents. 

The' cytoplasmic membrane invaginates 
to form various structures, i.e., mesosomes, 
photosynthetic lamellae, and vesicles, and 
frequently forms expanded tubules. 

The mesosome system is' intricately as- 
sociated with l)acterial nuctear material and 
its replication. Mesosomes are also involved 
with the beginning of cross wall formation. 



Electron micrographs may be uiled to 
show the cytoplasmic membrane. 



Electro 
show that 
branes, expa' 




Qphs may be. u^d to 
be lam'i^llar mem- 
^taMilaiJror vesicles. 



6.43 



Nuclear Region and Ri- 
bosomes 
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The cytoplasm is contained within the 
cytoplasmic membrane. Components found 
in the cytoplasm include the nuclear region, 
which contains DNA or the cell*s genetic 
material, and ribosomes, which are involved 
with protein synthesis. 



The cytoplasmic area Ls granular in ap- 
pearance and rich in RNA. The nuclear area 
(nucleoid) is rich in £>NA- The fluid contains 
dissolved nutrients. 

The nuclear region is not surrounded by 
a nuclear membrane and consists simply of 
a single, long, circular molecule of DNA 
(which codes for protein synthesis). High 
magnification with the electron microscope 
may reveal the nuclear substance to be a 
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Electron micrographs can be used to show 
that the cytoplasm contains all cellular 
structures and materials, including the nu- 
cleoid. 
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TOPICS AND SUBTOPICS 



A. ESSENTIAL INFORMATION 



B. ENRICHMENT INFORMATION 

[delicate fibrillar structure (bacterial chro« 
some). 

^'RNA in combination with protein forms 
submicroscbpic bodies, ribosomes, which are 
^ually den^y packed througRoUt the cy* 
l^lasmic arpa. Aggregates of ribosomes are 
known as' polysomes and are intimately as- 
sociated with p'rotein synthesis. 

Other inclusions are photos3nithetic la« 
mellae, vesicles, lipids, PHB granules (poly* 
B-hydroxybutyrate), glycogen, and meta* 
chromatic granules (reserve food material). 



C. PRACTICAL ACTIVITIES 



6.5 En(iospores 



Certain gram-positive bacteria produce 
highly resistant and refractile thick -walled 
oval bodies termed endospores. 



Endospores are ^surrounded by many 
laters of protective material, e^g., exospo- 
rium, ^Dore coat, spore cortex, etc. These 
protective layers are apparently responsible 
for resi^nt to chemical and physical treat- 
ment. 

Endospores may germinate to become 
vegetative cells under suitable conditions. 
Heating endospores to near the boiling tem- 
perature for a few minutes may enhance 
germination (heat shock). 



Laboratory experiments may be used to 
show that endospores are resistant to a va- 
riety of chemical and physical treatments. 



&.51 Heat Resistance 



The endospore wall contains a unique 
chemical known as dipicolinic acid (DPA) 
which is lacking in vegetative cells. A large 
amount of calcium is also present and is 
believed to form a calcium DPA-peptidogly- 
can complex. 



6.52 Sporeforming Orga- 
nisms 



Common spqreforming organisms include 
Bacillus (aerobic), Clostridium, (anaero- 
bic), and various genera of the cyanobac- 
teria. 



Endospores of Clostridium species caus- 
ing tetanus and gas gangrene may germinate 
in de^p puncture wounds (anaerobic condi- 
tions) leading to disease production. The 
resulting vegetative bacteria produce the 
specific exotoxins responsible for the disease 
state. 



7.0 Viruses 

7.1 Characteristics Viruses are sybmicroscopic (may not usu- The smallest virus which has been ob- Electron micrographs may be used to 

ally be seen with the light microscope). served with the electron microscope is about show the submicroscopic, intracellular na- 
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TO^CS AND SUBTOPICS 



A, ESSENTIAL INFORMATION 



7.11 The Virion. 



The mature transmissible virus particle is 
known as the virion. 



7.2 Virion Structure 



7.21 Nucleocapsid 



7.22 Nucleic Acid Content 
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Mature transmissible virus particles or 
virions consist of a protein l^oat, called a 
capsid, which surrounds the nucleic acid of 
the p^urticle. 



The structure composed of nucleic acid 
surrounded by the capsid is the nucleocap- 
sid. 



B. ENRICHMENT mFORMATIGN 
0.01 /an in diameter (foot-and-mouth disease 
virus). 

^ Larger ones include vaccinia (cowpoz) 
and variola (smallpox) (0.2 to 0.3 /xm). 

Host cell nucleic acids and organelles are 
directed by the viral genome to synthesize 
new viral components. Such activity even- 
tually may result in the death of the host 
cell. Depending on the virus and host cell 
system, virus particle release may be abrupt 
or gradual. 

Bacterial virions may be divided into two 
groups, l3^c virions and temperate virions. 
Lytic bacterial virions generally destroy the 
host cell after the ^completion of the repli* 
cation of new virions. Temperate bacterial 
viruses, on the otll&r hand, do not replicate 
themselves but integrate into the host cell 
genome and remain integrated for an indef- 
inite time. ^"^^ 

Most viruses have capsids. Proteins of the 
capsid confer specificity to the virus. 

Some viruses, such as bacterial viruses, 
shed the capsid outside of the cell after host 
penetration, where^ in other viruses the 
uncoating occurs within the host celL 



General shflp^of nucleocapsids include 
helical, polyhedralT^anientous, or binal, 
which is a combination of helical and poly- 
hedral shapes. 

Certain nucleocapsids are quite complex. 
^Some bacterial viruses, the bacterio- 
phages, are composed of head, neck, collar, 
sheath, base plate spikes, core, tail fibers, 
and pins. 



Individual virus particles contain DNA or The structure of nucleic acid in different 



ENA but never both. The nucleic acid com- 
ponent of virus particles is used as one cri- 
terion for classification. 



viruses may be either linear or circular. 

Viruses are classified on the basis of 
whether they have double-stranded or sin- 
gle-stranded DNA or RNA. 

Introductory Microbiology— 39 



C. PRACTICAL ACTIVITIES 
ture of viruses. The filterability of viruses 
can be demonstrated with the use of special 
filters. 



Electron micrographs may be used to 
show that the capsid is made up of protein 
subunits called capsomers and that certain 
virions, such as the herpesviruses, also may 
be covered by an additional component, the 
envelope or peplos, which may be derived 
fi*om host ceU membranes. 

Electron micrographs ^ay be used to 
show the variety of shapes, sizes, and orga- 
nization of nucleocapsids. 
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' TOPICS AND SUBTOPICS 
7.23 Envelope 



7.3 



Viral Replication 



7.31 



Effects of Viral Replica- 
tion '' 



A. ESSENTIAL INFORMATION 

Some viruses have an irregular outer 
Upid-containing envelope, which encloses 
the viral capsid if present and the viral nu- 
cleic acid core. The presence of an envelope 
is one of several criteria used- for classifica- 
tion. 



All viruses are obligate intracellular par- 
asites. 



Certain viruses gaining entrance into sus- 
ceptible cells may bring about the formation 
(replication) of new virus particles, which 
may or may not be accompanied by imme- 
diate ceD death. ^ 
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B. ENRICHMENT INFORMATION 
Many mamma^ah viruses have an enve- 
lope (mantle). Such viruses are referred to 
as enveloped or mantle viruses. Envelopes 
appear to be derived from the host cell cy- 
toplasmic membrane or nuclear membrane 
(depending on kind of virus and cell). 

Membranes contain lipids or lipoproteins 
and are composed of structural units some- 
times called peplomers. Such viruses are 
sensitive to lipid solvents and are sometimes 
referred to as lipoviruses. 

All viruses have a certain host range (host 
specificity). 

Some viruses can penetrate and replicate 
in one type or kind of cell. Such viruses are 
referred to as monovalent viruses. 

If viruses are capable of infecting and 
replicating in two different types of ceUs, 
they are known as divalent, and if they 
penetrate and replicate in many kinds and 
types of cells, they are referred to as poly- 
valent viruses. 



Cytopathic effects range from no observ- 
able physical change to complete cellular 
destruction. 

Virus replication differs with the type of 
virus and type of host cell involved. For 
example, one form of animal virus replica- 
tion may start with adsorption, penetration, 
particle uncoating before penetration into 
the nucleus, DNA incorporation and tran- 
scription, RNA transport, synthesis of struc- 
tural protein (capsid) and nonstructural pro- 
tein (DNA synthetase), transport of struc- 
tural protein and DNA synthetase into the 
nucleus, DNA synthesis, virus assembly in- 
side the nucleus, envelope attachment as 
virus particles leave the nucleus (the nuclear 
membrane may become the envelope), and 
release. 

With certain viruses, cell lysis results in 
the concomitant release of new viral parti- 
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C. PRACTICAL ACTIVITIES 

Electron micrographs may be used to 
show the properties of envelopes such as 
attachment spikes or projections and indi- 
vidual units known as peplomers. 



Laboratory experiments and electron mi- 
crographs may be used to show viral repli- 
cation, e.g., plaque formation and pock for- 
mation in the chicken embryo. 



Laboratory experiments and micrographs 
may be used to show the range of destructive 
cellular effects caused by viruses, which are 
called cytopathic effects (CPE). 



TOPICS AND SUBTOPICS 
7,32 . FroviruB 



A, ESSENTIAL INFORMATION 



Viral DNA within the cytoplasm or in the 
nucleus may integrate into the host DNA 
and become a part of host DNA. Such a 
segment of DNA ia referred to as a provirus. 
The presence of a provirus may change tlve 
host cell characteristics. 



8.0 

8.1 - 



Fungi 

Characteristics 



Pungi include molds and yeasts. 



8.11 Multiple Forms 



The fimgi include unicellular and multi 
cellular forms, 




ENRICHMENT INFORMATION 
cles. With other viruses, viral particle mat- 
uradon and release dre relatively slow. 

A provirus remains as pait of the host 
DNA replicon indefinitely, or it may be 
spontaneously or intentionally induced to 
enter the lytic cycle. New virions derived 
from such a cell can invade a new host cell 
which does not contain the same virus (host 
cell immune response). However, a host cell 
containing another type of provirus may be 
infected, establishing double lysogeny. 

Invaded host cells may display cytopathic 
effects (CPE) and may produce chemical 
compounds which interfere with viral repli- 
cation (interferon). 

Various physical and chemical agents 
may induce viral replication and consequent 
CPE, 

The exposure of seemingly uninfected 
cells to irradiation may bring about the ac- 
tivation of previously undetected viruses. 



Some molds produce useful .antibiotics; 
others are parasitic and pathogenic. 

Certain molds under various environmen- 
tal conditions exhibit dl^rent characteristic 
shapes (dimorphism). :> 

Most yeasts can grow aerobically/or an- 
aerobically, or both. 

Hartwell, L. H. 1974. Saccharomyces 
cerevisiaeceH cycle. Bacteriol. Rev. 38:164- 
198. 

Certain yeasts may be pathogenic. 
Yeasts are used industrially for several 
processes including the manufacture of oils 
and fats, feed supplements, and alcohol and 
vitamin production. 

Several fungi produce large fruiting struc- 
tures, e.g., mushrooms, bracket fungi, etc. 

Some fruiting structures are as large as 50 
cm in diameter (puffballs), and are made of 
a mass of mycelia. 
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C. PRACTICAL ACTIVITIES 



Laboratory cultures and experiments may 
be used to show that molds are filamentous 
or thread-like, achlorophyllous mycelium- 
producing microorganisms and that repro- 
duction can be asexual and/or sexual. Yeasts 
are primarily unicellular and generally re- 
produce asexually by budding. There are 
filamentous yeasts. 



SL. 



TOHca AND SUBTOPICS 



ySA^' Hyphae 



A. ESSENTIAL INFORMATION 



The^ structural unlta of most mature 
molds are the hyphae which may or may 
not have cross walls (septated or nonsep- 
tated). 



B, ENRICHMENT INFORMATION 
Some fungi are edible, whereas others are 
cgch'emely poisonous. 

* Most members of the class Phycomycetes 
(bread molds, water molds, etc) lack cross 
walls. 

Filamentous fungi in the classes Asco- 
mycetes and Basidiomycetes are septate. 
The members of these classes include some 
unicellular forms (yeasts) as well as molds. 



8.2 



Reproduction 



Ail fungi except those of the class Deuter- 
omycetes (Fungi Imperfecti) con multiply 
both asexually and sexually. Members of 
this group lack sexual fruiting bodies. The 
reproductive pattern of the fungi form the 
basis of their classification. 



/ 



8.3 



Nutrition and Environ- The f uifi 
ments 




heterotrophic. 




Asexual reproduction may involve binary 
fission, budding, spore fonnation, and the 
fragmentation of vegetative hyphae. 

Yeast form buds on the surface of the 
main or mother c^ll. Upon maturity buds 
ore called daughter cells and have genetic 
constituents identical to the mother cell. 
Buds break off from the mother cell at ma- 
turity. Under suitable conditions, the 
mother cell can reproduce as many as 18 
daughter cells by budding. 

In asexual reproduction spores nmy be 
zoospores, which become vegetative cells. 
Many fungi produce nonmotile vegetative 
spores. Spores may be borne on the tip of 
modlHed hyphae (sterigma) or enclosed in a 
sac (sporangium). 

Fungi can carry out meiois (chromosome 
reduction division, 2N — > IN). 

In some groups sexual reproduction oc- 
curs by the fusion of fertile hyphae from + 
and - strains of the organisms. Zygospores 
(2N) or zygotes (2N) result. 

Some sexual reproduction occurs by the 
fusion of two isogametes (gamete morphol- 
ogy is indistinguishable, e.g., slime mold) or 
by heterogametes (zoospore and egg). 

Sexual spores may be enclosed in a struc- 
ture. The type of enclosure is used in the 
differentiation of fungi. 



Fimgi are extremely versatile organisms 
and are able to decompose a variety of coin- 
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C. PRACTICAL ACTIVITIES 



Microscopic examination of laboratory 
cultures may be used to demonstrate the 
presence or absence of septa. 



Asexual and sexual reproduction may be 
demonstrated by growing a and a 
strain of Rhizopua on the same plate. 
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i'roiMCfl AND aiiBToi'ifca 

» 1 1 

8.3 1 Growth EnvircintnontD 



9.0 

9.1 



Algae 

Characteristics 



9.2 Reproduction 



erIc 



Gl 



A. K8S10NTIAL INFORMATION 



Most fungi are aerobic, oBinophilic, and 
acidophilic. 
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The algae ore photosynthetic unicellular 
or multiceUular organisms. Some are fila- 
mentous or appear in colonial arrangements. 
Pigments 4nd morphology are used in algal 
classification. 

MulticeUular algae exhibit a variety of 
shapes, ranging from single filaments to di- 
chotomously branching large structures. 



Algae reproduce by both Sexual antfaex- 
ual means. 



B. ISNUIOHMIONT INI'^OjllMATlON 
plfix matorlala, thereby ftmotionlng as indls- 
ponsablo docomppsora in our ocoByHtomH» 

Dauohop, T* 1979, Rumen anaerobic 
funi^i. Appl Environ, Microbiol. a8il48-168» 

Fii^igi uflo molecular oxygen as a final 
eloctrbn acceptor in their respiration. 

Funi^i ore important in the fgod, industry 
becausQ of spollago oiffocta with ayrup, mo- 
lasaoa (high-sugar products), sauerkraut, or- 
anges, and lemons. 

I^ungi rarely spoil canned goods because 
of the anaerobic nature of such processed 
foods, but they are capable of forming toxic 
products in stored^grains. 

Maggon, K. K., S. K. Gupta,' and T. A. 
VenkitaBubromanian. 1977. Biosynthesis 
of aflatoxins. Bacteriol. Rev. 41:822-855'. 



0. PKAOTIOAl ACTIVlTUSa 



chh>rc 



Laboratory oxporimunta may bo usod to 
show that many fungi can tolerate or prefer 
a high-BUgar or high-aalt environment. 



All algae contain discrete chlbroplasts 
•wluch can contain chlorophyll a and some 
other chlorophylls (6, or fir^pfd^ etc.). 

[Many algae possess accessory pigments, 
e.g., carotenoid (yellow-orange), fucoxanthin 
(brown), and phycoerythrin (red). 

Algae share many properties with green 
plants; these include cell walls containing 
cellulose, chlorophylls a and b, and other 
pigments confined to chloroplasts and the 
production of starch in photosynthesis. 

UniceUular algae can reproduce asexually 
by fission. 

Multicellular algae may reproduce asex- 
ually by zoospores or fragmentation. Sexual 
reproduction may be by fusion of isoga- 
metes. Multicellular algae may be hetero- 
gamous (eggs and sperm). 

Certain green algae (Chlamydomonaaf^ 
can reproduce by fusion of two zoospores to 
produce a 2N zygote. 

Some multicellular algae, e.g., aggregates 
of similar cells, can reproduce sexually by 



Laboratory experiments may be used to 
demonstrate algal motility. 



Examination of field or preserved speci- 
mens may be used to show that many algae, 
especially certain marine species, are not 
^orAy multicellular but morphologically dif- 
ferentiated into holdfasts, stipes, and cysts. 



jl Examination of prepared microscope- 
elides may be used to show that most uni- 
c^ular algae reproduce transverse bi- 
nary fission; some reproduce by longitudinal 
fission. 



C2 
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TOIMOH AN!) HUlVrOIUOfl 



0.U 



PhyWology and Ciiltlvn- 
tlon 



10.0 
10.1 



Protozoa 

Characteristics 



10.11 Means of Motility 
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Hoim nlgHo uxhililt alturnotion of gonom* 
iloHH in tliolr llfu cyelo, Huoh iilgao uxIhI in 
l)otl) Iniploid (IN) imd diploid (2N) NtutuN, 



Algno nvo photoauiotropliH (Microbial 
PhyHiology, SuhtopicH 5.4 nnd fi.fil). 



The protozoans are unicellulaTi nonpho- 
tosynthetic eucaryotes. 



Protozoans use a variety of means for 

Jtocomotion which serve as a basis for their 
classification. The protozoans can be sepa- 
rated on the basis of motility into four 
groups: Sarcodina (pseudopodia), Ciliata 
(cilia), Mastigophora (flagella), and Sporo- 
zoa (some movement by pseudopodia only 
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n. iiiNmaiiMiiJNT infoumation 

coixjugution, Zyg(mp()r(3H im prochiood upon 
hmioi) of two gnmutOH in rooiplcuit (?oI1h, 

In nioHt algno^ tlio (!onHpiouo\iH (vinlhlo) 
Koiuiration Ih tlio vogotailvo ntnicturo (IN), 

Homo y^ygoloH may dovolop thick walla 
(cyHtH) to l)iJ(Jomo motnboUcnlfy dorniant 
ooUh. CyHtH may gormlnuto wlion tho euvi- 
ronniont booomoa ftworablo. 

PhotoHyiUhoHia ro(|uireH light aa an onorgy 
Hourco. chloiophyllH, water, and carbon diox- 
ide. Tho end producta formod are sugar and 
fred oxygen. Sugar may be polymerized and 
Htored as polysaccharidea, e.g., starch. 

Some algao may store lipids. 

Chloroplasta, like mitochondria, ore ca- 
pable of Bolf-replication because they con- 
tain functional DNA and RNA. 

Some algae possess structures known as 
pyrenoids which may be involved in poly- 
merization of glucose to starch. 

Most media for algal cultivation are com- 
posed of inorganic compounds containing 
bulk elements (C, N, P, S) and some trace 
elements including Fe, Mg, Zn, CI, K, Mo, 
and B in addition to water. Algae can be 
grown on solid or liquid media. 



The cytoplasm of most unicellular proto- 
zoans is divided into two regions: the inner 
fluid zone (endoplasm) and the outer or 
peripheral zone (ectoplasm). 

Some protozpansJifiyfi_an extemaLcover- 
ing known as a pellicle which may be com- 
pose^ of lipoprotein. 

Most protozoans are motile during at least 
one stage in their life cycles. 

Some protozoans move by means of flag- 
ellar motion, whereas others move by means 
of the sweeping motion of cilia. Both flagella 
and cilia consist of connplex inner fibrillar 
structures not seen in procaryotic flagella. 



Laboratory experiments may bo used to 
show that algae are phototrophic and most 
do not require organic compounds in rtiodia. 



Examination of living and/or preserved 
specimens may be used to show that all 
protozoans lack rigid ceil walls, some contain 
pellicles or periplasts equivalent to a cell 
wall, and others have a cell membrane as 
the outermost structure. 



mmm and huutoi'Ioh 



A, KHHWNTIAli INFOJiM ATION 



and ituxtial niomm, Tlio iuoHuxIh of ruuro- 
HlfliiiUion orituria, \ 



10.21 



Macro* and MltMoHLurloi 




iSoiuu |)|-ot()/oahH ai'i) inultlnucluniud. 



10,3 Life Cycles 



Protozoans can bo free-living or parasitic. 



II, lilNHUJIIMIilN'l^ INKOHMATION 
Klay^lU and (tilla Ap{>#ur to originaU in ium\ 

ProloKoann dan nnililply aHox\mlly by bl^ 
nary fi»Kton. Huddlng nmy produoo Individ- 
nalH 4)xo({ononHly or u)ido({i)n()ualy, M\dtl|)li) 
llanion omm ficnn thu formation of mvilti- 
nnoloato organlmnHi Hnlmoqnont cluavatfu ru^ 
mdlH in tbi) formation of nmny unlnuuloato 
lndlvl(bialH. 

Oooiit^o rooomblnatlon can romdt from 
tbi) ^lullal nnion of two cella (coi\)ngation). 

CIlialCHj contain boib nmcro^ and ndcro- 
iniclut, MAcroinidul play a-rolu In mutabo- 
Unm and duvulopiiiunt. Tboso culls witb only 
macrounclul uru unublu to conjugate, Cells 
witb micronuclei can conjugate. Diploid mi^ 
cronucioi vnidergo meiosis and ndtosis, re- 
suiting in two baploid nuclei (cot\)ugal pair). 
One of tbese is excbanged during conjuga- 
tion, forming a bew diploid nucleus, wbicb 
undergoes a complex series of nuclear dlvi- 
Hions. 

/ With a few exceptions, most members 'of 
Sarcodina, Cib.ita, and Mastigophora are 
free-living, saprophytic scavengers in their 
respective habitats. All members of the ^po- 
rozoa are parasitic. 

Many protozoans have stages, namely tro- 
phozoite (active feeding stage) and cyst. ^ 

Cysts are surrounded by- thick walls and 
are dormant. Encystment occurs in an un- 
favorable environment,«and,excy8tment oc- 
curs when the environment becomes favor- 
able. » ' 

Many tprotozoan parasites have tw<f dif- 
ferent types of tWsts: definitive, or malt and 
intermediate, l^e latter provides tnb envi- 
ronment for the immature or larval stage. 

Some protozoans produce serious and dis- 
abling diseases (malaria, African sleeping 
sickness, amoebic dysentery, vaginitis, gas- 
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CI. l»UA(THOAI. A(TriVITU3« 



liiXiunlnation of living or proparod inloro^ 
mu)po nWAm may bo uaod to mUow 'aHoxu}il 
r4)pro(luction, wblob Inohidea binary llmtkm, 
muUlpIo fUaion, budding, and plaMmotoniy, 
Hexiud roproductlon can oc cur thro ugh con- 
Jui^ntllTil, Myngrtuiy, and miTogamy! ' 



l«'^xamlnatlou of living cultunm, prepared 
mIcroHcopo slides, or electron micrograpbs 
may be used to show thai ciliates have at 
least on\u macronucleuH. 




TOPICS AND SUBTOMCS 



A. ESSENTIAL INFORMATION 



B. ENRICHMENT INFORMATION 
tro-intestinal disturbances, and en- 
cephalomeningitis [Naegleria infection]). 

Hawking* F. 1970. The clock of the ma- 
iarial parasite. Sci. Am. 222:123-131. 



10.4 Nutrition and Cultiva- 
tion 



10.41 Techniques 



11.0 iVIicrobiai Ecology 

1 1 .1 ; Concepts of Ecology 



All protozoans are heterotrophs. Some 
ingest particulate material (holozoic); others 
absorb dissolved nutrients. 



In ?ome species (ciliates), food particles 
may pass through the peristome (oral 
groove) to the icytostome (mouth) and then 
into the cytopharynx (gullet). Ingested solid 
^ food particles flire enclosed in food vacuoles, 
^^.^^^Wastes are eliminated via the cytopyge (anal 



A variety of techniques and media are 
utilized for protozoan cultivation. 

Dyer, C. L., and G. L. Butler. 1980 A 
culture method for freshwater microinver- 
tebrates. Am. Biol, Teach. 42:52. 



Microorganisms are ubiquitous in nature 
and are often associated with the other living 
forms in their natural habitats. The major 
natural habitats within the biosphere are 
aquatic, terrestrial, and biological (in or on 
living systems) (Introductory Microbiology, 
Topic 25) 



Otner protozoa ingest food by phagocy- 
tosis or pinocytosis. 

Nutrients used are similar to those for 
cultyring of procaryotes. 

Sources for organic partic!( s can be living 
(algae, bacteria, and other protozoans) or 
non-living (crushed or ground matter such 
as rice, wheat, etc.) 



Introdurto: 



Subdivisions of habitats are called mi- 
*6foenvironments. Microenvironments serve 
as integral parts of all habitats in ecosys- 
tems, 

Imshenetsky, A, A., V- Lysenko, 
and A, Kazakov. 1978. Upper boundary 
of the biosphere, Appl, Environ, Microbiol. 
35:1-5. 

Within microenvironments, microorga- 
nisms occupy specific niches, Tlie niche of 
an organism is determined by genetic and 
physiological adaptation of the organism to 
either fixed or variable environments. 

Examples of adaptations to microenviron- 
ments inglude organisms that are halophilic 
(well adapted to a high-salt environment) 
and osmophilic (adapted to a high-sugar en- 
vironment). 

Some organisms are psychrophiles 
(adapted to cold temperatures), some are 
mesophiles (adapted to moderate tempera- 
rv Microbiology ~ 5.1 



C. PIUCTICAL ACTIVITIES 



Laboratory culture of environmental sam- 
ples may be used to show the major habitats 
of microorganisms within the biosphere. 



\ 

TOPICS AND SUBTOPICS A. ESSENTIAL INFORMATION 



ILll Components of Ecosys- Microorganisms comprise an integral part 
tems of the biotic community, which together 

with the abiotic (nonliving) compo xxetits 
form ecosystems. 



11.2 Symbiotic Relationships Symbiosis refers to the living together or 

to the association of two dissimilar orga- 
nisms with a' certain degree of constancy. 
Symbiosis may be divided into two general 
types: ectosymbiosis, in which one organism 
lives on the external surface of another or- 
ganism, and endosymbiosis, in which one 
organism lives inside the cells, tissues, or 
organs of another form of life. 



Introduci 



B. ENRICHMENT INFORMATION C. PRACTICAL ACTIVITIES 

tures), and others may be thermophiles 
(adapted to high temperatures). 

Certain organisms preferentially thrive in 
acidic environments, whereas some thrive in 
neutral environments and others thrive in 
alkaline environments. 



Biotic components in ecosystems are di- 
verse and range from the simplest (cells) to 
the most complex (community). 

Microorganisms tha^ serve as primary 
producers (blue-green bacteria) represent 
the fu*st step' in the pyramid of food levels 
supporting all other living things. 

Microorganisms function as important de- 
composers. ^ 

Abiotic (Tomponents in ecosystems tend 
to function as selective factors by making 
ecosystems conducive for certain kinds of 
organisms and undesirable for others. 

The acid pH of fruits in. the presence of 
air tends to be highly selective for Acetobac- 
ter species. The temperature of water in hot 
springs in Yellowstone National Park is 
highly ^elective for thermophilic bacteria, 
e.g., Thermus aquaticus. 

Many fungi are ectosymbionts of plants. 
Although they grow around the root system 
with little penetration into the host tissue, 
the association is beneficial to both fungi 
and plants, i.e., increased mineral uptake by 
plants (mycorrhizal association). 

Certain bacteria, e.g., members of the ge- 
nus Rhizobium, establish endosymbiosis 
with leguminous plants. The bacteria infect 
the roots of legumes and establish them- ^ 
selves intracellulafly in the plant tissue, pro- 
ducing root nodules. The bacteria are capa- 
ble of fixing gaseou^ nitrogen, and the fixed 
nitrogen is provided to the plant. The asso- 
ciation is beneficial to both plant and bac- 
teria (mutualism). 

Endosymbionts (bacteria or algae) of cer- 
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Laboratory examination of field samples 
such as lichens and leguminous plants may 
be used to show symbiotic associations in- 
volving microorganisms. 




TOPICS AND SUBTOPICS 



11.21 



Patterns of Association 



A. ESSENTIAL INFORMATION 



Symbiotic relationships among living or- 
ganisms can be categorized into thrfee pat- 
terns of association. If an association of two 
or more dissimilar organisms or populations 
is beneficial to both, it is termed mutualism. 
If the association is beneficial to one without 
effecting the other, it is termed commensal- 
ism. If the association is harmful to one and 
beneficial to the other, the associatior is 
c alled parasitism. 

Among the various kinds of symbiotic 
associations that are found in nature, some 
do not require cell-to-cell contact between 
partners. 



B. ENRICHMENT INFORMATION 
tain Paramecium species are examples of 
symbiotic associations beCween two dissim- 
ilar kinds of microorganisms. 

Endosymbionts (microorganisms) that 
liyfe in the stomach of ruminants represent 
examples of a mutalistic association between 
unicellular organisms and higher animals. 

Lichens represent a unique biological en- 
tity that is formed from the mutualistic as- 
sociation between an alga and a fungus. 



Commensalism may be ectocommerisai- 
ism (attachment of organisms to the host 
body) or endocommensalism (organisms 
which live in the lumen of the alimentary 
tract). 



C. PRACTICAL ACTIVITIES 



11.22 



Facultative Associations 



11.3 



Microorganisms and 
Biogeochemical Cvcies 




A particular kind of symbiotic association 
may be facultative (nonobligatory) or oblig- 
atorv. 



Biogeochemical cycles are those processes 
through which chemical elements are trans- 
formed within ecosystems, often through the 
metabolic activities of microorganisms. 



Endomycorrhizae of orchids represent a 
highly specific symbiotic association be- 
tween certain kinds of fungi and a flowering 
plant. Here the relationship is obligatory for 
the orchid and facultative for the fungi. Bac- 
teria that are classified in certain genera 
iCaedobacter, Lyticum, and Tectobacter) 
are obligate endosymbionts of Paramecium 
aurelia. 

Freer, J. R., Jr., L. B. Freer, and A. 
Jurand. 1974. Kappa and other endosym- 
bionts in Paramecium aurelia. Bacteriol 
Rev. 38:113-163. 

Molecular nitrogen (N2) represents ap- 
proximately 79% of atmospheric gases. The 
element nitrogen is an essential constituent 
for living cells (nitrogen cycle); microorga- 
nisms are responsible for all biological nitro- 
gen fixation. Some microbes are capable of 
utilizing molecular nitrogen as a sole source 
of nitrogen (nitrogen fixers), whereas others 
are capable of oxidizing ammonia to nitrite 
or nitrate (nitrifiers) and others are able to 



hit roductorv MuTobiolj^v - 



TOPICS AND SUBTOPICS 



11.31 Types of Biogeochemi- 
cal Cycles 



A. ESSENTIAL INFORMATION 



Geochemical cycles include carbon, nitro- 
gen, phosphorous, and sulfur cycles. Certain 
microorganisms are highly specific in^ terms 
of a specific chemical structure (substrate) 
that they can metabolize. 

Chemical elements released to the envi- 
ronment as a result of microbial metabolism 
may selectively function as enrichment or 
inhibitory dgents for other microorganisms. 

Jannasch, H. W. 1979. Microbial turn- 
over of organic matter in the deep sed. 
Bioscience 29:228-232. 



B. ENRICHMENT INFORMATION 
reduce nitrate to nitrogen (denitrifiers). M- 
trosomonas species utilize ammonia as an 
energy source, and release nitrite as an end 
product. Nitrobacter species utilize nitrite 
as an energy source and release nitrate as an 
end product (Fig. 1). ' . 

Brill, W. J. 1979. Nitrogen-fixation basic 
to applied. Am. Sci. 67:458-466. 

Carbon is present in rocks and fossil ma- 
terial and is also an essential constituent of 
all living cells (carbon cycle) (Fig. 2). 

In environments where elemental sulfur 
is abundant and the pH is between 2 and 4, 
Thiobacillus thiooxidans oxidizes elemen- 
tal sulfur. Sulfur may exist in various sul- 
fates which may be reduced to H2S by cer- 
tain anaerobic bacteria. H2S in turn may be 
oxidized to S or sulfate by lithotrophic bac- 
teria (Fig. 3). 



C. PRACTICAL ACTIVITIES 



12.0 

12.1 



12.2 




Biological Molecules 
Proteins 



Carbohydrates 



Proteins are very large complex organic 
compounds composed of numerous small 
molecules called amino acids. They are im- 
portant as enzymes and as structural ele- 
ments of cells. 



There are about 20 different amino acids. 
Hundreds or thousands of amino acid mol- 
ecules combine to make proteins. 



Carbohydrates contain only carbon, hy- 
drogen, and oxygen. They may be small 
molecules (monosaccharides) used as struc- 
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(Microbial Physiology, Subtopics 1.11, 
1.21 and 1.33.) 
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J 



Animal, 
plant. 
bactiTtal 
assimilation 



Organic compounds 
(protein) 




Microbial 
(icc'otnposition 



Sulfiitt' red uc I ion 




Mu robial oxidation 



Sulfur 
Autolrophu- bacteria 
Photosynihelic bacteria 

ThiobaciIIus 



H,S 

Hy^lro^en suindt 




FiK 'l The sulfur cycle 



ERIC 
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TOPICS AND SUBTOPICS 



i2.3 Lipids (Fats and Related 
Compounds) 



12.4 Nucleic Acids 

12.5 Cellular Composition, 

> 



A. ESSENTIAL INFORMATION 
tural elements of the cell or £ls a stored 
energy source. • 

Lipids are composed of carbon, hydrogen, 
and oxygen, but also may contain other ele- 
ments such as phosphorus and nitrogen. 
They are insoluble in water and are impor- 
tant in intermediary metabolism and in 
structural elements such as the ceU mem- 
brane. 

Nucleic acids play major roles in the 
transmission of hereditary traits and, the 
control of cell functions and protein synthe- 
sis. 

Microbial cells are composed of proteins, 
carbohydrates, nucleic acids, lipids, phos- 
phates, and other materials. From 75 to 90% 
of the weight of the microbial cell ifi js^ater. 



B. ENRICHMENT INFORMATION 



(Microbial Physiology, Subtopics 1.13, 
1.24. 1.31, and .1.34.) 



C. PRACTICAL ACTIVITIES 



(Microbial Physiology, Subtopics 1.14 and 
1,23 and Microbial Genetics, Subtopics 2.1 
and 2,2,) 



Composition of bacterial cells will vary 
depending upon the kind of bacteria and the 
growth medium. General approximations of 
co^h^osition are as follows. 



Component 



% Dry wt 



Water ^ 


75-90 


Protein 


36-50 


Carbohydrate 


2-25 


Nucleic acids 




RNA 


6-25 


DNA 


1-4 


Peptidoglycan 




Gram- positive cells 


15-20 


Gram-negative cells 


0.1-55 


Lipopolysaccharide 




Gram-negative cells 


5 


Inorganics 




(phosphates) 


0.9 



Wet weights and dry weights of a mass of 
concentrated bacterial cells can be deter- 
mined to show the water content of the cell. 



13.0 Microbial Growth 




73 



Growth is the orderly increase in cellular 
constituents. Normal growth leads to cell 
reproduction. Growth of microorganisms 
leads to an increase in population. 



In organisms that repr<Jcfii^»sby binary 
fission, growth produces an increasfeiin num- 
bers. Coenocytic organisms increase\pnly in 
individual cell size rather thai) in celjSimm- 
bers. ^ 

Single cells may continue to reproduce 
and form visible accumulations such as 
colony (bacteria) and mycelium (fungus). 
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TOPICS AND SUBTOPICS 



13.1 



MeaBureipent of Growth 



13.11 



Increase in* Mass 




A. ESSENTIAL INFORMATION * 
It is |)ossible to measure various aspects 
of microbial growth. , 

Oxie chooses the grqv^ measurement 
techmque needed depencjing on whether the 
emphasis is on total , numbers, viable, orga- 
nisms, or metabolic-r^te of the population. 
Usually several techniques are used, and the 
results are compared. 

' o • * ^ 
Measurements of increase in cell mass 
emphasize growth rather than reproduction. 
They may not distinguish living from de^id 
"cells. 



B. ENRICHMENT INFORMATION 



13.12 



Increase in 



lerse . Cell numbers can be measured by direct 

^' ^ ^ microscopic counting. Culture techniques 

which test the ability of each organism pres- 
ent ^o grow to a visible mass or to metabolize 
and jDroduce a detectable ppofiuct are also 
used (viable counts). These methods are us^- ^ 
ful^only for unicellular org£fnisms. 



Nephelometi^ and spectrophotometry are 
the most convenient and generally used 
growth measuring techniques for bacteria. 
The increase in turbidity of the cultia^ is 
measured. ^ 

Spectrophotometers mef&ure the propor- 
tion of light which is transnijitted through a 
filled cuvefte placed in me light beam. 
Nephelometers (more^ sensitive) measurife^ 
the proportion of* light deflected under the 
same conditions.' 



Direct counts may be done to assist in 
standardizing other m^ods. They are also 
useful for quarTtitating unusual organisms in 
natural samples or hard-to-cul'tivate species. 
Automated electronic particle counted may 
be used. * . ' 

Viable counts are much used ill studies of 
water samples, urinalysis, and food quajjity. 

^determination. A diluted $ample is spread*" 
opi a solid oV mixed, injo a mejted ^gar me- 
dium,. If this is done with medium in a'petri 
plate, it is called a,pl^te count. Each viable 
organism may grow into a visible mass of 
cells (a colony). The niimber of colonies 
after incubation of this medium represents 

^ the number of viable bacteria in the diluted 
sample, because it is difficult to know^ 
whether one bacteriym gave rise ^o one col- > 
ony, the number is usually given as colony- 
forming units (C^U). 



C. PRACTICAL ACTIVITIES 



A sample of washed cells may be dried in 
an oven, and the dry weight can be^idete^- 
mined. ^^'^ 



, A sample of washed ceils maybj^^alyzed 
to determin^the totM nitrogen^JTlotal pro- 
tein. 

spells in suspension scatter light; the 
amount of light scattered is proportional to 
the ipass of cells per milliliter of fluid. A 
specfe^photometer or nephelometer can be 
used to measure scattered hght, J 

The direfct observation of a known volume 
of a specimen spread over a knowft area on 
slide can beAsed to calculat^^umbe^s of 
organisms pS r^illiliter. The Petroff-Hauser 
counting chamber is used for direct counts' 
t)f bacteria androther small ^cellular orga^ ' 
,niisms. The count\^reflects bd^ living aftdT^ , 
dea^^microorganisjns. ^ > ^ |^ 

The plate count is' used to determini^ the * ^ 



number of CFUs in a sample. ^ 



0 
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TOPICS AND SUBTOPICS 
l3.2 . Factors Influencing 
Growth 



13.21 



Nutrition 



13.22 



\ Physical and Chemical 
Influences on Growth 



13.221 Gaseous Atmosphere 



.2I2 



pH 
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A. ESSENTIAL INFORMATION 
^ Microorganisms are heterogeneous, in 
their-^pliysical and chemical ¥i^qliirementfi. 
Optimum growth occurs only 'when all re- 
quirements are met. 



Growth ppttems differ depending or^ 
whether nutrient s^ipply is continuous (open 
system). Most natural situations are open; 
most laboratory conditions are closed. 

Microorganisms contain regulatory mech- 
• anisms that allow them to modulate growth 
for survival under changing nutrient availa- 
bility. • . t 



rjT^ B. ENBICHMEfJT INFORMATION 
' jyVhen microorganiBms are not growing be- 
. ? jOhuse p£ inadequate condition^, they are not 
necessarily dead. Long periods of metabolic 
rMnactivity may be tolerat^d wiuiout a loss of 
^)kjability. ' ' ^ - s 

^ ^ ? See Microbial Physiology, Sub-Topjc 3.30 
''%r closed „ system information and "Sub- 
Topic 3,4 for op^n system information. 

In natural situations such as bodies of 
water, organisms receive a continuous if fluc- 
tuating supply of nutrients. Wastes are also 
removed. Growth speeds up and slows down, 
but rarely stops. Under in vitro conditions, 
when nutrients are consumed, growth stops. 



It 

Microbial growth is affected by various 
physical and chemical facJoi« including the 
gaseous atmosphere, pH, temperature, and 
osmotic pressure. 

Microbial growth is affected by the coh- 
centrations of 02» CO2, and. other gases ui 
the surrounding medium. MostWgherJonM 
of life require Pj{ many micro^anisms do 
not. Obligate aerobes require O2 for ggrowth. 
Their metabolism is respiratory. Facultative 
anaerobes grow either with O2 or without it. 
Growth is usuaDy better in the presence of 
O2. These organisms are cusuaDy fermenta- . 
tive in the absence of O2. Obligajte anaerobe^ 
do nbt grow in the presence of oxygen. Mi- 
ycroaerophiles require !reduced O2 concentra- 
^ tion and n^y require increased CO2 concen- 
tration. Aerotolerant anaerobes are orga- 
nisms living totally by fermentation in the 
presence of ^ir. Thfey are not sensitive to O2. 

)V ipost organisms the optimum pH for 
h lies between 6.0 and 7.5. Some highly 



Obligate anaerobes may be recoveired 
"from (^j&ditions iifnature which appear to 
be^^a^r^icN These organisms grow in mi- 
croenvironments that are anaerobic. Bade- 
rpides, an obligate anaerobe, can be isolated 
ifrom the mouth. It irfhabits anaerobic crev- 
^^ices around the teeth. Many anaerobes are 
killed by oxygen. 




a Extreme pH occurs in some natural envi- 
' ronments. Drainage from jnining operations, 
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Aerobic and facultative anaerobes, must 
have an O2 source for best growth. In liquid 
culture best yields are obtained with small 
volumes oLfluid in large vessels on shakers. 
Anaerobic growth conditions can be pro- 
vided in sealed jars with catalytic oxygen 
removal or in anaerobic incubators. Thiogl^- 
collate, chopped meat medium, and media 
covered with mineral oil may be used to 
provide anaerobic conditions. A high-COz- 
I0W-O2 atmosphere can be provided in a 
candle jar by combustion or in specially 
designed incubator3.;^|i;. 

Lennette, E. ri-^A- Balows, W: J» 
Hausler, Jr., and J. P. Truant (ed.). 1980. 
Manual of clinical microbiolo'gy, 3rd ed., 
American Society for Microbiology, Wash- 
mgton, D.C. 

Detection of a pH change in media 
usually done with pH indicators/e.g., phenol 



a; ESSENTIAL INFORMATION ) 

specializad organiflms can tolerate a pH 
low as 1.0. or as higljoas 10..4. The internal 
pH of most microorganisms is close tp'neu- 
ru ^txality regardless of the pH of the medium. 



A given strain of micjrodf ganism will liave , 
an optimum*" temperature for growth. - 
Growth will occur between its maximum and 
minimum temperature. These poirits are ge-- 
netically determined. 

The effect of temperature on enzyme ac- 
tivity (Microbial Physiology, Subtopic 4.53) 
is important in determining the range over 
which an organism will grow. There are 
three groups of microorganisms with differ- 
ent ranges of growth temperatures^psychro- 
philes, mesophiles, and thermophiles. 

One commonly used definition of psychro- 
philes is that they have a growth range 
somewhere between -5° and 20°C. Meso- 
philes grow between 20 and 45°C. Thermo- 
' philes ^ow between 45 and 90° C. 

Osmotic pressure is determined by the 
concentration of dissolved particles in water. 
Microorganisms are found in environments 
of varying osmotic pressures. Most micro- 
organisms, with th^ exception of protozoans, 
are protected from lysis in diltite environ- 
ments by a rigid cell wall, ^ 

Exposure to high osmotic pressure causes^ 
' loss of water from cells. Thia^ests growth/ 
The h^lophilic organisms live m highly sa- 
line environments (15 to. 30% dissolved 
salts). They have a specialized membrane 
and salt-tolerant enzymes. 



, 1'^. ENRICHMENT INFORMATION 
high mineral area, and certain f^rpientation 
conditions yield high-acidic ' environments. 
The inland salt or alkali lakes may have a 
pH as high as 11. . - «s 

Many .important biochemical tests used in 
Identification of bacteria depend on pH in^ 
dicators to detect production of ^cidip or 
basic end products.. 

^/ ,Micpio^t^^^^ their entire 

growth 'te^ ^§311^ At, suboptimal 

temperat^jrelJ. their ; g^na^tiopHinieii^^ ex- 
tended from minutes t6:;hjcmpn^^ 
optimum, growth slows a^|i(B microorgan- 
ism diverts ever-increasing/wnounts of cel- 
lular energy to repair heat-iridtfted damage. 



All types of dissolved colloidal particles 
contribute to the osmotic pressure pf a so- 
lution. Cytoplasm has a relatively high os- 
motic pressure. The cell can vary this within 
limits by concentrating or excreting K*. 
When the external environment contains 
more dissolved material than the cytoplasm, 
it is hypertonic, and the cell will tend to lose 
water to the environment. This drying effect 
arrests metabolispvMmost organisms; the 
* effect explains th^rfflBfevative ^lue of salt > 
ing or sii^aring fcn^^ilute environnients 
pose a challenge tolEa&erial survival. When 
the exterior environment is hypotonic, w^ter 
tends to enter the cell. Expansion and death 
are prevented by the rigid cell wall. Cell 
wall-deficient forms of bacteria survive only 



C. PRACTICAL ACTIVITIES 
ij^d^is yellow below pH 6.8 and red abov$r; 
6.8; methyl red is red below pH 4.5 and 
Jjj^llo>Y abov^ 4.5. Electronic pH meters 
6e \^ed for exact readings in liquid me ' 
Selective media for isolation of fungi u 
-allyy-hava a pH below 6.0^ wherea 
general-purpose bacteriological mei 
a pH of 6.8 to 7.4. 

Soil or water samples may be plat 
incubated at different temperatures to dem- 
onstrate presence of all three types of orga- 
nisms. Many psychro philes are killed by ex- 
posure to room temperature, so precautions 
must be taken to keep samples and media 
cold. I 




I 



Mannitol salt agar may be used for the 
selective isolation of Staphylococcus aureus 
from human clinical samples because its 
high (7.5%) NaCl concentration inhibits al- 
most all other nasopharyngeal organisms. 

The osmotic pressure of media for isola- 
tion of cell wall;deficient organisms,^ c^.g.. 
Mycoplasma, must be carefully adjusie^. 



^0 
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D SUBTOPICS. 



13.3 CloHed-System Growth 



A. KSSKNTIAL INFORMATION 



jWithin a clo|e(l ayatem, tho amounta of 
..nutrienta and their energy contenta are 
. < Growth - producea waste products 

Which accumulate and may he toxic. (Fig. 

4):' 



SiiitHinarv 



13.31 Lag Phase 



13.32 Li>g Phase^ (Exponential 



D. I3NUICHMKNT INFORMATION 
in isotonic environments. Examples are tho 
L-forma and mycoplaamaa.* 



of brtiifrui 




C. PRACTICAL ACTIVITIKS 



All laboratory cultivation of niicroorga- 
niams except continuoua culture follows this 
model. The phases of growth may be dem- 
onstrated by inoc'ijlating fresh, prewarmed 
medium with an inoculum of log-phaae cella 
and following the increaae in medium tur- 
bidity. Any other accurate meaaurement of 
cell components maj/ be used. B^^ffii|king 
simultaneous samples for plate Cguht*^ and 
direct counts, a good approximatfon of ac- 
tual numbers may be obtained for eath read- 
ing. 



Ueulh 



Kig/4^/ia.se.v of microhial growth in closed culture. 

Introduction of a niicroorganism that di- 
vides by binary fission into a sterile closed 
system such as a flask of nutrient broth 
starts growth. No appreciable increase in 
numbers occurs for a short time. 





pldhation of 
neptial Growth 



Once growth begins, increase in numbers 
is exponential for a period of time. The 
culture will commence division at tjie max- 
imum rate possible given the genetic pQten-. 
tial of the' culture and the suitabilityvol^^e 
medium. 



For most microorganisms one cell divides 
idto twg! Thus, during each generation tiipe 
^^oMlation doubles. Starfiftg with'ohe 



feriiifo' you can illustrate ^exponential 

' growth with :thej geometric progression: 1, 2, 
4, 8. 16, 32 . . . o*r 2^ 2\ i\ 2\ 2\ 2\ . . 2\ ' 



Each cell in the ,inoculum must carry out 
internal regulatory shifts to start growth. 
Accumulation of cytoplasmic xiomponents 
and increase in cell size begin. During lag 
phase, new proteins may need to be made. 
A complete round of DNA Replication vidll 
precede t)ie first and every iubsequ^t cell 
division^ 

Duriig log-phase growth. readings should 
Vbe.^ale frequently because turbidity can- 
W^Win as little as 20 to 30 min for some 
t badfc^ja. Gjrowth curve data may be plotted 
bn'Unear graph paper with time ias. the ab- 
scissa and the log of the turbidity or the log 
of the niirhber of organisms as the ordinate. 

All populations grow or decrease expooen- 
tially if eachichange jceflectfi addition or sub- 
traction of some cflTn^^t percentage of the 
total individuals present a't that time. 

If., exponential growth proceeded for 48 h, 
onp ^bacterium that divided every 20 miiy 



The duration of lag phase is extended if 
the inoculum is from an old culture, if the 
new medium is quite different in chemical 
composition from the old, or if it is at refrig- 
erator temperature. During lag phase, mea- 
surement of cell constituents may increase. 
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During exponential growth therL^^^ 
straight-line^'elationship between th^3^ of 
tell number versus time. ^ 



/ 



8' 



'rOlMCS AND SUUTOIMCS 



13.322 Generation fFinie 



frir 



A. KSSICNTIAL INFORMATION 



The generation time observed is the av- 
erage time needed for one cell to complete 
'a round of division into two cells. In this 
time the population in the closed system will 
double. The total amount of each cell con- 
stituent will double. 



13:33 Stationary Phase 



13.34 "Death Phase 



Environmental limitations put \f n end to 
exponential growth. The growth curve Sp- ' 
proaches a horizontal ^ine. During the sta- 
tionary phase some cells grow and divide. 
Some are active, others die, and the popu- 
lation numiber is unchanged. 

A decline in number of viable cells consti- 
tutes the death phase. 



KNHICHMI^NT INFOUMATION t 
SwIiuuJ yield a bacterial mass weighing 4,000 
tknes the weight of the earth. 

Bneration times for some bacteria may 
be aXshort as ,12 min. ThMB, bacteria can 
tnultiply extremely rapidly under optimum 
confitions. Generation times for other bac- 
teria and many eucaryotic microorganisms 
may he as long as several days. 



C. PRACTICAL ACTIVlTIISa 



Nutrient limitation is the major restric- 
tion for most aerobic organisms. Accumula- 
tion of toxic wastes is the most frequent 
cause of growth arrest in anaerobic culture. 



The death pjiase results in a reduction in 
viable cell numbers. This phase may or may 
not^,sl>ow/:a^orresponding decline in total 
cell numbers.' 



Calculate generation time as follows: 



G 



t^ - ^0 



3.3 log 



log 



to = time at first measurement 

ti = time at second measurement 

bo = number of cells at 

bi = number of cells at t\ 

G = doubling time or generatioMime 

n = number of generations 

The stationary phaije may persist for a 
long period. 



The decline is usually exponential. Small 
numbers of viable cells may persist indefi- 
nitelJSat the end of the death phase. * 



13.341 Mechanism 



An acute shortage of nutrients or high 
concentrations of toxic waste products may 
trigger apf ivity of aiitolytic enzymes causmg 
cell lysis. - ^ - ^ ^ 



The loss of vbbility without cell lysis can 
risuaUy be attributfed to an inability to sup- 
fply the energy necessary to repair key ge- 
netic structures. Wh'eri autolysis occurs, it i^' 
usuaDy related to low cellular ATP Ifeyels, 
signaling activation- intracellular •l:jjgo-^ 
zyme. Clea^ng of th^cultufe ma^ be quite 
rapid if autplj^ticj^ mechanisms are set in mp- 
H tion. ^"^^ 



13.4 Open-System Growth 




Open-system growth occurs when con- 
stant environinental conditions are main- 
tained^ Nutrients are continuously provided, 
and wasties are removed. The number of 
cells per-unit volume is kept constant. . ^ . ^ 
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I'oiMCH AND surrroiucH 

13.41 ConditionH 



13,42 Contiaii^ Culture 
Devices 



14.0 Enzymes 

14.1 Definitions 

14.11 Catalyst 



A. KHHKNTIAL INKOIIMA'IION 
laboratory devicoH for produclog open- 
gystoin growth provide a Hource of celln in 
the log phaHe of growth, They aUow the 
Btudy of a culture under optinuim physiolog- 
ical conditions. 



These are two types of continuous culture 
devices, chemostats and turbidoataUs. They 
are. used for study of all activities of log- 
i^hase cells. 



. / • 

H. KNUICKMKl^T INKOUMATION 
The growth rato of the bacteria hi tho 
veHHol adjusts to the rato at which nutrients 
are provided. After a period of adjustment, 
the rate of Increase (5f<the cells through 
growth will just equal the rate of cell loss, 
The cells In a continuous culture apparatus 
are in log phase. The douhHfig^inie Is deter- 
mined by the growth cpftdltlon^i If ail else Is 
constant, growth rato depen^ls directly on 
the concentra.tlop^rTTimi*^^"e nutritional 
factor, 

/ 1 ^ 

Continuous cultur^^ms provide atfon- 
venient, constant soi/rce of log-phase/ceUs 
for study. They are used for resea^h on 
mechanisms ot regulation, concentration of 
nutrients, selection of growth rate^utrients. 
and interactions among species in mixed cul- 
tures under conditions that simulate natural 
environments. 



A catalyst is a substance that affects the 
rate of a chemical reaction without being 
permanently altered itself. 



14.12 Enzymes 



Enzymes are highly specified catalysts 
produced by living cells. Enzymes have a 
protein component and' may or may not 
have other components such as metal ions, 
vitamin, or carbohydrate molecules. ^ 



C. PHAOTlCAh ACTIVITIKH 



Catalysts are used in a number of reac- 
tions of everyday jjractical interest and in- , 
dujstrial importance. For example, platinum 
catalytically enhances the -oxidation of un- 
burned hydrocarbons in automotive ex- 
hausts (catalytic converters). Also, the in- 
dustrial extraction of apple juice from apple 
pulp is aided by treatment with pectin-hy- 
drolyzing enzymes (pectinases). 



In a cheniostat, the How rate is set at a 
certain value. The rate of griuiwth of the 
culture adjusts to the rate at which nutrientjj 
are added. In a turbidostat. 'an electronic 
device riionitors turbidity, i.e.. cell mass, ofc 
the fTyid electronically signals thi» addition 
of frSh .medhiin^^^^ desired 
populatiorydensity. 



Starch + water Glucose. This reaction 
will proceed at a very low rate in wqi«n 
water. Upon the addition of a small quantity 
of amylase, accelerated glucose production 
(and starch hydrolysis) is noted. After a 
time, the enzyme can be isolated from the 
system with its original activity essentially 
undiminished. * 



The fact that enzymes are protein can be 
demonstrated by their reaction with protein- 
detecting r^lgSntssUcKap Millorf?eagent or 
the Folin phenol reagent. Enzyme solutions 
will also exhibit maximum ultraviolet, ab- 
sorbance at 280 nm which is characteri 
of protein solutions. 



^ 13 Substrate 



A substrate is a substance which is altered 
in an enzyme- catalyzed reaction. 
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TOIMCH ANDHUhTOlMOM 
14. M AotlvuiSlto 



14.15* AlloHturlc Situ 



14.2 MochaiiiHm of It^nzymu 
Action 



14.3 Noiuenclnture 



14.4 Factors Affecting^ Rate 
of Enzyme Reactions 



14.5 ^nzymes and Control of 
crobial Metabolism 




14.5 1 Control of Enzyme Syn- 
thesiis^ Induction 



14.52 - Control of Enzyme Syn- 
■ thesis, Repression 



ERIC 



i 



A, lasi^^NTlAI* INI^'OUMA'liON 
All luMivo HitM in a Hiuall on thu 
/.yiuo'H HurfaiM) wlUdi biiulH In a highly Hp<)- 
clllo niaunor U\ Iho Hulmlratu, it Ih alHi)>^liiMl 
tho oalalytio Hlto. 



An alloHUirio nitu is a region on tliVi onzyinu 
Hiirface, apart IVoin the a<5tiv«^ite, ^uW^a 
voKulatory Huhflrauco may tiind and m^^ct 
the affinity of the onzyme for the HuhatrateN 



. The rriiost iniggf|m^fojt(l5rs affecting the 
rate of enzyihtfreaotioiia^e enzyme concen- 
tratibn, substrate concentration, tempera- 
ture, and pH (Microbial Physiology, Sub- 
topic 4.6). 

Sincftc;i)ill biochemical reactions are cata- 
lyzed by specific enzymes, cells can control 
their function (metabolism) by changing tfie 
activity or amount of specific enzymes. 



II KNIll0^1MfcJNrT^^^^0|^MATlON 
Tho aolivo hIIo m\\\ hu ploi^iiiiul aa a hIiuo^ 
tuio vvhidh niaiehuH up >vith a apiioiito lu'it^n^^ 
phHuonfary oonroiiuatitai i^ the HuhNtriaii lif^ 
ij •iock-aiul-lcav" Hori ol" ami»KonH^iit (KIk. 

s 

Tho alloHtorlo Hltu can ho i)lotm'<u| aa 
Hhown in FiH. (I, Noto thfit tho active aito will 
"fit" tho* HuhHtrato not tho alhmlorio 
offiiotor Tho offootor,/lf houmi, nmnUa In a 
modification of tho'threo-.dj^nufnHiiinal Htruc- 
turo of tho apoonzyr^iu. Thla, In turn, modi 
fioH tho Htructuro*of/tho active aito. 



Enzymefl work by lowering tho required \ 
activation eiflrgy, thus facilitating the reac- 
tion (Microbial Phyfliology, Subtopic 4.3), 

Knzymes are named according to tho type 
of reaction catalyzed, They usually have the 
suffix -ai^e, e.g., gelntinaHe, lipase, etc. 



The six basic/ classes of en/ymeM are oxi- 
doi^eductases, transferases, hydrolases, 
lyases, isomei'aseM, and ligases (Microbial 
Physiology, Subtopics 4,41 to 4.46). 



Onjiy a small number of the possible en- 
zymiitic reactions occur in any cell at a given 
time. Some enzymes are only synthesized 
TOd|ier particular conditftftis, and others arp 
ST(?nthesized but inhibited from acting. 



Certain potential food molecule^ can trig- ^ Escherichia coli does not syixthesize the 
gerjthe microbial synthesis of enzymes nec- / enzymes for lactose metabolism unless lac- 



essary for tljieir breakdown, This type of^ 
reaction is called enzyme induction. 

(J 

The addition of a contpound tbat is the 
end product of a biosynthetic pathway to a 
growth medium causes an arrest in the syn- 
thesis of the specific enzymes of the path- 



tose is present in its immediate environment 
(Microbial Genetics, Subtopic 6.12). 

End product repression is one of twp feed- v 
back-regulating mechanisms fof^kblosyi^^;-^ 
thetic pathways. It regulates enzyn\^ sykth0^f 
sis. End product r^^ression is coniplenji^r 

■ 1^- 
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Active-Sit* • Potential Substrates 




AJIostjpric Site 




Alternate Knzyme Conformations 



j O I I I J H B I 

, Substrate Effector A Effector B 
1 J J I I 

^ // effector A is present, enzyme will be in a 

favorable conformation for interaction with the 
substrate. If effector B is present, substrate bind 
ingwill be reduced because this effector stabilizes 
conformation B which cannot bind substrate. 

Fig. 6, The allosteric site and binding of positive and negative 
effectors. 

r 
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TOPICS yCND Subtopics . / 



cs^ 



14.53 Control of ^Inzyme Ac- 
tivity 

1 



■ r 



14.54 End Product Inhibition 



14.55 



/ 

Competitive Inhibition- 

• ) 
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• A. ESSENTIAL INF^QRMATION 

way. .This type of situation is called repres- 
sion. » . 



The activity of most enzymes is influenced 
by a variety of small molecules. Some* of 
these so called modulators stimulate enzym^^ 
activity, and some inhibit such reactions. 



\vhe 



n, 



tien the end product of a metabolic 
pathway is present ijrexcesg, it ma^^nhibit 
the action of one of the early enzyme^ in the 
pathway. This inhibition involves the allo- 
steric site so the inhibitor does not compete 
,with the substrate for the active site. 



Inhibitors which are* structurally similar 
to the substrate compete with the%ubstrate 
molecules for enzyme active sites. As the 
ratio of inhibitor to substrate is increased, a 
concomitant decrease in' product formation 
occurs. Competitive inhibition can be re- 
versed by increasing the ratio of substrate to , 
inhibitor, c I . • • ^ 

^3 ■' 



B. ENRICHMENT INFORMATION 

tary to end product inhibition (Introductory 
Microbiology, Subtopic 14.53). 

Both end product repression and end 
product inhibition serve to modulate the 
overall cellular metabolic activity to maxi- 
mize the rate of growth through the efficient 
conversion of nutrients into cellular mate- 
rials (Microbial Genetics, Subtopic 6.11). 

Th|relative concentrations of ATP, ADP, 
and AMP determine the ratio of catabolic to 
biosynthetic activity in a cell at a given time. 
ADP and AMP tend to stimulate catabolic 
enzyme^ ATP tends to inhibit catabolic and 
stimulate biosynthe^a enzymes. 



In {he follb^^g reactibn, an excess of an 
inhibitor (F) interacts vrtth the allosteric site 
of the enzyme catalyzipg the conversion of 
A to B. Since production of B is blocked, C 
wjill not be produced. 

^ . A — B ^ C D ^ E ^ Cf) 



inhibitor 



Consider the following structures: 



C60H 




so,r 



Sulfanilamide 



aminobenzoic \ . 
^ Qc'id » * ^ 

Some microorganisms utiliz^^ABA as a 
substrate in the synthesis of iqlic acid, a 
material required for metab(5lism..The en- ^ 
zyme which normally binds pABA atr^tts 
active site will also bind sulfanilamide. 
Therefore, if the ratio of sulfanila1tole%.^ 
PABA is high, the probal^ijity of the enzyme^ 
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C. PRACTICAL ACTIVITIES 
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TOPIQS ANt) SUBTOPICS 



A. ESSENTIAL INFORMATION 



15.0 Metabolism 

15.1 Cellular Chemical Re- 
if actions 



15.2 Energy 



15.21 " Forms of Energy 



15.22 Chemical Bond Energy 




03 



. "Metabolism is tjie sum of all the chemical 
reactions iti the cell. 



^ ^nergy is the ability to do work. 



Enej'gy can exist as light^or other kinds of 
radiation energy, chemicaPenergy, mechan- 
ical e^e^gy, or heat. 

The energy of a molecule can roughly be 
represented as the sum of the forces hb^ding 
its atoms together. 



b.Inrichment information 

reacting with sulfanilamide rather than with 
its normal substrate is also high. The result 
is a decrease of folic, acid synthesis and sup- 
pression of metabolism. Such inhibition is 
based upon the similarity in structure of 
-normal substrate and inhibitor. Sulfanil- 
^ amide does not effect the supply of folic acid 
to mammalisfn cells because they cannot 
convert PABA to folic acid and thus require 
folic acid {^reformed. 

In general; microbial metabolism is quite 
similar to the chemical reactions that qccut 
in higher animals an^l plants. However, uport* ' 
examination of individual microorganisms, \ 
there is a marked diversity of metabolic 
pathways and end products. This diversity 
is useful in identifying microorganisms such 
as bacteria and fungi. Many metabolic path-^ 
ways known to be similar in 'all organisms 
were first worked out by investigators with 
microorganisms. Escherichia coli and Sac- 
charomyces cerevisiae have been particu- 
larly useful in metabolic research. 

! 

Microbial movement, growth, and repro- 
duction oficur only if .there is an available 
energy source. Th^ ultimate source of most 
biologic&l energy is the sun. A possible ex- 
ception up this is the deep sea volcanic gases 
system where the driving ^nergy is the oxi- 
dation m HoS by bacteriaj 

Ballard, R. D., and J. F. Grassle. 19^| 
^Return to oases of the deep. Natl. Gebgr. 
156:689-705. 

,Thp form^of energy Required 'directly for 
' microbial m^>vement, growth, and reproduc- 
tion is chemical energy. 



C. PRACTICA^^ activities 
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If a carbon-containing substance is burned 
(totally oxidized to CO2), the heat produced 
is a nr^easure of the potentially useful chem- 
ical energy of that substance. 



9^ 



TDIMCS AND SUUTOIMCS 
J6.23 . Rndorgonic and Exor- 
' gonic RonctionH ^ 



A, KSSIfNTIAU INFORMATION 
Certain bond formationtj botwoon atoniH 
roquiro onorgy input (endergonic reaction);, 
however, such energy can later be relqased 
by,b|eaking the bonds (exorgonic reaction), 



U. lONIUCllMHNT INKOUMATION 
A typical endergonic reaction may bo refiV 
resented as follows; 

A + B + lOnorgy AB, 

A typical exergonic reaction may be rep- 
resented as follows: ^ 

BC-* B + C -f Enorgy. 



15.24 ■ Coupled Reactions 



I 

15.25 Nucleoside Diphos- 
phates and Tripfios- . 
, phates: ADP, GDP, 
UDP, CDP, ATP, GTP, 
UTP, OTP 



Biological transformations of chemical en- 
ergy can occur because exergonic (energy- 
yielding) reactions are, linked to endergonic 
^energy-requiring) reactions by common in- 
termediates. ' V 



These compounds are the most used in- 
termediates between exergoqic and ender- 
gonic reactions. ) ^ 



A coupfed reaction is the svtm of the fol- 
lowing events: 

Endergonic: A + B + Knt^rgy — » AB 
Exergonic: BC B + C + Energ^y 

Sum: A + BC -» AB + C 
' Coupled reactions may also be writt^fe^: 

£^mergon^c,^ / 

. BC ""^"""^ 'C 
The reactions will proceed in the direction 
of the arrows as long as the energy released 
by the exergonic reaction exceeds that re- 
quired by the endergonic reaction. 

,. ■ ( 

The coqvereion of adenosine diphosphate^^^ 
(^yDP) to adenosine triphosphate (A'TP)?^r 
exiample, provide^ an efficient short-term en- 
ergy storage and transfer njechanism in bi- 
ological systems. The addition of a tHird - 
phosphate to a nucleoside diphosphate is an 
endergonic reaction and can occur only 
when this reacti/bn is linketi .to an exergonic 
reaction that releases suffi cient en ergy. En- 
zyme-catalyzed renjoval oTthe tlQi^ phos- 
,phate is exergonic; thus, at can be used to 
drive cellular energy-requiring^ reactions. 



15.3 



Catabolism 



Catabolism is the sum of cellular reactions 
resulting in the conversion of the energy 
from various organic molecules to' enefgy 
usable for cellular work. ATP is the "most 
"^Juseful" cellular energy form availably. 
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roVlOH AND HUUTOIMCM 

1 5.:) I ' Oxidation- Uuduction 
ituaotioiiH 



\ 



15.32 



NADa as liloctron Car- 
riers 



I5.4 



15.4^ 



.Degradative or Cata- 
bolic Pathways 



Feihuehtation and Res- 
piration 




10 2 



A, ICHHIONTIAI, INKOUlVlATION 
Oxidation. iH removal o^ulodtroiiH and of- 
ten jnotoiiH (ID tVoni a niolof^ule; Tlio elec- 
tVonH removed muat -i>e dona tod to another 
liiolecule. 'l'hiH> rucii)ient ia aaid to be ih)- 
(luced. ThuH, an oxidation reaction n\UHral- 
>vayH be accompan^cl l)y a reduction rea<3- 
tion. Oxidation-rudnction reactiona reHiilt in 
a transfer of energy; Much of the onorgy 
involved in the tranafeb may he lot to- the 
Rystern as neat, or if the reaction proceuda in 
n 8tepwia<? fashion, Home of the energy may 
be conserved by coupled rtjactions: 

Nicotinamide adenine dinucleoti(ieH 
(NAD') are the most common immediate 
electron acceptors of organic molecules.- Re- 
duced forms^'of these molecules (NADH and 
NADPH) act art electron donors in other 
reactions. 

NAD* is made from niacin and (a a good 



H. lONmUIIIVtlONT INKOUMATION 
[n biological ayNtenm oxyffTin in one of tho 
moat avid available aoooptora of olectrona 
, (numt.olootronogative). Thua, an oxidation 
in which oxygen ends up with the trana* 
ferred plectrona roloaaea the m^at energy. 



The* use of NAD' and rvIADP^'as electron 
acceptors in catabolic processes is very im- 
portant to the conservation of energy re- 
leased by oxidationjTNADH and NADPH do 
not donate electrons to oxygen diVectly arid 
are relatively stable in the absence of 'en- 
zymerf specific for ti*ansfer of the electrons 
example of the place of vitamins in metab- / to* a' given substrate. This enables the orga- 
oiism. ' nisfa to maintain control of its oxidation- 

. ^ reduction reactions. - " ^ 



Cells break down, organic molecules by a 
• series of enzyme- catalyzed reactions. A par^- 
ticular series of such reactions is called a 
metabolic pathway. 

Fermentation and respiration are the two 
basic catabolic schemes. ^ 

In fermentative, pathways, the organic 
molecules being utilized as a source of en- 
ergy are incompletely oxidized. No 'external 
inorganic electron acceptor is necessary (no 
0-2 is required); ATP is produced only by 
substrate level phosphorylation. (Microbial 
Phyiology, Topic 5.25). The nui(iber of ATP 
molecules produced* per molecule of sub- 
strate catabolized is small. 

In respiratory catabolism (sometimes 
called oxidative catabolism), the organic 
molequles being utilized are usually oxidized 
completely to CO2. The electron transport 



'The type of catabolism associated wlfih 
bacterial species is important to tdeir char- 
acterization. Strict aerobes carry out respi- 
ratory ^catabolism only. Facultative anaer- 
obes can utilize either fermentation or res- 
piration. Aerotolerant anderobes use fer-, 
mentative pathways but are not harmed by 
O2. Strict anaerobes 'use fermentative path- 
ways and are harmed by O2. A few are able 
to respite by using alternate electron accep- , 
tors (Microbial iPhysiplogy^ Topic 5.2432). 

Twjb industrial processes with yeast can 
. be used to demonstrate differences between, 
fermentation and respiration. When yeast is 
' used for alcohol production, the vats are 
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C, PUAOTICAh AOTlVlTIHH ' 

An oxidation-rodnotlon roaetioh vnn iH) < 
ropmioiUod aa foilowa: 



AM! 

n 

■ - olottron - 
H « proltMi 
A olocti'on (hjHor 
H «■ oloilron aj toptor 



y II. II 



4^ I 

For directions for performing a lactic' de- 
hydrogenase enzymeeiissay whigh w^fl deui- 
.onstrate use of NAD as an electnu^accep^tor^^ 
considt: ' ^ 

Beri^moyer, H. U. 1 974 Methods of en- 
;?ymatic analysis, vol. 1, fj. |t80. Academic 
l^ress, Inc.', New. YoH;.^ 



Simple laboratory tests can be used to 
determine whether a particular organism is 
obtaining energy from fermentation or res*- 
piration. One such test depends on the abil- 
ity or inability of an isolate to utilise a par- ' 
ticulai; organic energy source \v(^^ a sealed 
tube. Information on o^ida^ion-femt^ntatiosi 
(OF) test ^edia can be fourfd in: 

Lennette, £/ H., A. Balows, W. J. 
Hausler, Jr., and J. P. Truant (ed.K 1979.- 
Manual of clinical microbiology; 3rd ed. 
Amfirican Society for Microbiology, Wash- 
ington, D.C. . V 
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I'OIMOH AND HUirr(MM.i>i 



A, I^HHIilN^riAli INFOUMATION 
MyMfoiu (Mlt^rohlnl PbyHloloHyi Huhlopl(^ 

Kaulo olooii'on uocopiov, MomI of IIu> ATP Ih 
pnxhuuHl hy oxidnl ivo phoMphorylaiiou (!om« 
phul to l lu) oloofron tvauMport HyHtom, Tlio 
ylold of ATI* \m moltMUiljj oC Krowih mih- 
Hiralo nu)tMl)()|iv;o(l in nuirh Hioator \\\i\n tho 
yioldof ATP in rurnuMUallort. 



11. MNUIOIIMMN^r INFOIIMATION 
lujpi Hlri(i|ly luuuu'ohio, Tim ollmnol in n' 
pHMluot of fonuouinl lou, Wluin ym\i Im pro^ 
(hMMMK'oi* MUlo «M l)akonr ytJ««(, It Im ^www 
iiu<loi' hlKhly norohi^t ooiulitioiui, bofUMim) tho 
milmUato a<l(lo<l vm only l)o (U)tainoU if tho 
yoaHt 1h living by mtplratioii. 



a VUMmOM^ Ai^TIVITII'lH 



't{).42 OlyrolyHiH (1'IiuIhIoi^ 
Moyoi'liof Pathway) 




16.43 Other Pathways 



OlyrolyHlh Ih a pathway for tho dognula- 
tloi) of ffhicoHo found In uumt ruicnmi'Ka- 
uIhiuh, 'IMun'M ai'o nino inacMlonH nooilod to 
convort Kln(U)H() to two pyruvato niolumiloH. 



2 NADb* 

2 ADP 

+ 

2 W 



2 Pynivalu 
2 NADU 
2 ATP 



Thero ia one oxidativo step in which 
NAD^ accepts a pair of electrons from a 
three-carbon intermediate. 

The ATP molecules are produced by sub- 
strate level .phosphorylation. 

The pyruvate and NADH generated have 
a different fate in fermentative organisms 
than in respiratory organisms. 



Other routes exist by whic]i sugars can be 
cataboliz|6d. 



01y(H)lyHiH Ih OHHoiUlally (Im muuo iu mi- 
cWxa'KinilHiUH, plantH, and anlnmlH. It iM/n|\ 
rytoplaHiuio cellular pnxTHH, /uul tho eu< 
/yiUeH are not luombranu-hchuid. The Inter- 
mediate HUbstrateH iue all phoHpl)orylato(L 
The pathway can he divided into three 
p^uiHes. The preparative, phaHO convorts glu- 
cose, to two three-carbon phosphorylated 
molecides. '^rhis corwersion recpiires two 
molecules of ATP. 

The oxidative phase converts the three- 
cilrbon molecules to the highly reactive 1.3> 
diphosphoglyceric acid (3-phosphoglyceroyl 
phosphate). This requires two molecules of 
NAD"^ and generates 2 NADH. 

The energy transfer phase results in sub- 
strate-level phosphorylation of 4 ADP to 4 
ATP, Two reactions occur whereby energy 
and phosphati|fmre transferred directly from 
the three-caroon intermediates to ADP (Fig. 
7.). i 

I 

A unique characteristic of procaryotic 
cells is the diversity of cataboUc pathways 
that may be found in different species. 



\ 



The pathway by which glucose is catabo- 
)i2ed may be an important taxonomic char- , 
acterifltic of some microorganisms. Most 
members of the genus PseudomQnaa char- 
acteristically use the Entner-Doudoroff 
pathway. 



15.44 



Fermentation 




Fermenting microorganisms are unable to 
carry out the reactions of electron transport 
either because they lack a terminal acceptor 
or because they lack the necessary enzymes 



Because the energy yield per molecule of 
substrate utilized is low, a fermenting micro- 
organism must catabolize more molecules of 
substrate than a respiring microorganism for 
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It is possible to identify certain taxonomic 
groups of bacteria by their fermentation 
products. 

The Voges-Proskauer test for the pres- 
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TOPICS AND SUBTOPICS 



15.45 Tricarboxylic Acid Cy- 
cle (Krebs' Cycle, Citric 
Acid Cycle) 



A. J2SSENTIAL INFORMATION 
or cofactors. They can grow and reproduce 
on the ATP produced by glycolysis or other 
anaerobic pathways, but because NAD"*" -is 
in very limited supply they must be able to 
reoxidize the NADH produced to permit the 
anaerobic energy-yielding pathway to con- 
tinue. Fermentative microorganisms utilize 
pjnruvate or other products directly or indi- 
rjeqtly as recipients for electrons from 
NADH. Thus, much of the pyruvate carbon 
can pe found in the reduced^ganic mole- 
cules (fprmentation products) excreted by 
fermenting organisms. 

Pyruvate is converted to acetyl coenzyme 
A (CoA) and CO2. The further oxidation of 
acetyl CoA is dependent on enzymes of the 
tricarboxylic acid cycle. These enzymes are 
associated with the cytoplasmic membrane 
of procary6tic cells and are in the mitochon- 
dria of eucaryotic cells. For each acetyl C6A 
oxidized to CO2, 3 NADH and 1 FADH are 
produced. These molecules donate electrons 
to the electron transport chain. 



B. ENRICHMENT* INFORMATION 
•the same yield of growth and reproduction. 

In fermentations there is no exogenous 
electron acceptor, so the average oxidation 
level of the ^fermentation products must 
equal that of the substrates utilized. This 
requirement and the fact that no oxygen is 
available to. carry out oxidative bond cleav- 
age limit the/ange of substrates that can be 
fermented. 

/ 

The tricarboxylic acid cycle h^s more (fhan 
just a catabolic function. Many of the inter- 
mediates are starting material for synthesis^ 
of important cell components. Anaerobes 
that do notruse the cycle foi^ respiratory 
, metabolism may still have many of the c^c\e 
enzymes. These have biosynthetic function. 
When tricarboxylic acid intermediates Are 
removed for biosynthesis, the cycle can be 
kept in operation b^ynthesizing new oxal- 
oacetate (Fig. 9). 



( ' C. PRACTICAL ACTIVITIES 

ence of acetoin is frequently used in identi- 
fication of enteric bacteria. 

Two fermentative pathways are illus- 
trated in Fig. 8. ^ 



15.46 



Electron Transport and 
Oxidative Phosphoryla- 
,tion 




1.3 



Electron transport is a cellular mechanism 
for conserving the energy released during 
oxidation of organic molecules. Catabolic 
processes involving partici]i)ation of the elec- 
tron transport chain are called respiration 
(Microbial Physiology, Topic 6.0). 



The electron transport system consists of 
a series of molecules (flavoproteins, qui- 
nones, cytochromes) ^hat are embedded in 
a cellular membran^. This series of mole- 
cules is referred to as the respiratory chain. 
These molecules have the ability to be both 
good electron acceptors and good electron 
donors. When NADH provides an electron 
pair, the electron transport molecules are 
alternately reduced and reoxidized in a par- 
ticular order as the electrons pass from one 
to the next As these stepwise oxidation- 
reduction reactions occur, energy is released, 
and this energy can be conserved by oxida- 
tive phosphorylation. F<^ the continuation 
of electron flow through this pathway, there 
must be some exogenous compound that will 
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The reduced or^ante molecules producvif hy fermenting microorganisms are of ^reat commercial cmU'diaf^nostic inqwrtance. ht Hanoi is produced 
mainly as a product of yeast fermentation ' * . ' 



Kthanol Ferment at Jon l*ro(iu<;l (2x2 Capljons) 
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TOPICS AND SUBTOPICS 



15.47 Aerobic Respiration 



15.48 Anaerobic Respiration 



15.49 



Pathways for Degrada- 
tion of Other Substances 



15.5 Anabolism 



-r^.5i 




COv Fixation in Auto- 
trophs 



1 ' ^ 
X ^ ^ 



A. ESSENTIAL INFORMATION 

Most microorganisms utilizing electron 
transpoH require oxygen to accept electrons 
from the final reduced cytochrome. 



A few types of bacteria can use oxidized 
morgariic ions as electron acceptors in the 
absence of oxygen. NO, (nitrate) and SOiS 
( sulfa t>if are the most common alternate 
electron acceptors. 



Microorganisms can use a wide range of 
carbon compounds as sources of carbon and 
energy. Series of degradation reactions, of- 
ten catalyzed by inducible enzymes (Micro- 
bial Genetics, Subtopic 6.1), result in prod- 
ucts that can enters the glycolytic or tricar- 
boxylic acid cycle pathways. 



B. ENRICHMENT INFORMATION 
accept electrons from, and thus reoxidize,* 
the last cytochrome in the chain. 

Obligate aerolTes are ^croorganisms Uiai 
cannot grow and reproduce in the, absence 
of molecular oxygen. They require oxygen 
as a terminal electron acceptor. 



Bacteria that use NOn as a terminal elec- 
,tron acceptor (denitrifiers) will useroxygen 
preferentially. The conversion of soil nitrate 
(NO;j ) to gaseous nitrogen products by de- 
nitrifying bacteria is one way that soils Ipse 
nitrogen. The i|^e of SOii as a terminal 
electron acceptor is restricted to a special- 
ized group of anaerobic organisms. H^S is 
produced. Water-logged sediments with an 
abundance of organic material and SO4 
(tideflats, for example) are noted for their 
H:,.S-producing Desulfovihrio populations. 

Some synthetic molecules are very resist- 
ant to microbial degradation. DDT is one of 
these recalcitrant molecules. 



pesticide ohemical 

Chlordane 
DDT 
Dieldrin 
Hafltachlor 



/ 



Approx 
half-life 
(yr) 

2^ 
3-10 

7-12 



Anabolism is the sum of the cellular chem- 
ical reactions that produce the organic mol- - 
ecules necessary for maintenance, growth, 
and reproduction of the organism. 



The conversion of CO2 "Into the carbon 
' compounds of cell material requires energy 
and reducing power. 



The primary reaction in autotrophic CO2 
is the binding of CO2 to the five-carbon sugar 
,ribulose 1,5-diphosphate. This results in pro- 
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C. PRACTICAL ACTIVITIES 



Nitrate reduction can be observed in the 
laboratory by culturing denitrifying bacteria 
under anaerobic conditions with NO3"" added 
to the mediun;. N02~ may be produced, e.g., 
Escherichia colL Denitrifiers reduce NOa' 
to No or other gaseous products, e.g., Pseu^ 
domonas aeruginosa/ 

Winogradsky ct>lumns (Microbial Physi- 
ology, ^ubtopic 2.12) usually develop a good 
population of sulfate-reducing bacteria. It is ■ 
possible to smell the HjS produced in these 
cylinders or test for it with filter paper 
soaked in 5*^? lead acetate. 



Microorganisms vary greatly in their abil- 
ity to degrade Carbon cortipounds. Such sub- 
stances need not be water soluble, e.g., crude 
oil. Microorganisms able to degrade large'' 
molecules often excrete the degradative en- 
zymes into the medium containing the sub- 
strate. These excreted enzymes are called 
exoenzymes and can be detected by growing, 
the microorganisms on splid" medium con- 
taining the substrate and observing sub- 
strate' disappearance around the areas of 
microbial growth. 



CO J fixation (the Calvin cycle) was first 
investigated in green algae. The path of 
corporated '^C-labeled COj was followed in 
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TO*P|CS AND SV^TOPICS 



■ / 



Relationship Bet\^een 
Anabolis^ and Catabb- 
lism 



A. ESSENTIAL INFOnJ^JfTlpK} 




B. ENRICHMEl^'5 INFORMATION 
duction of two phosphoglyceric acid Mole- 
cules (each three carbons). These can' be 
used aa^starting material to synthesize the 
carbon compounds needed by the autotroph. 



Catabolic metabolic ^rovides'sources of 
energy (ATP), reducing pqAver (NADH and t 
NADPH), and carbon skeletons for bio- 
syntheseB. Withdrawal of intermediates 
from catabolic pathways diminishes Ihe net 
ATP yield. Control mechanism^ funqtion so 
that anabolic processes (biosynthetilc path- • 
ways) are maximized when the ATP supply 
is high drid catabolic processes predominate 
when ATP supply is low. 



r 

G. PRACTICAL ACTIVITIES ' 
photosyntheisizing organisms. It was later 
discovered that this pathway is used by al- 
most all autotrophs. 



16.6 Introduction 

16.1 Dtffmitjon of Genetics 



To 



Ge- 



Genetics is the study of the mechanisms 
by which the information of cells is stored, 
expressed, and modified and how this infor- 
mation is transmitted to other cells in the 
population and to future generations of or- 
ganisms. 



Generation times can be estimated by de- 
termining the increase in the number of 
colonies arising from samploe of the growing 
population taken at various time intervals. 
For microorganisms reproducing by binar^ 
fission, the following formula can be applied: 



16.1 1 Uses of Microorganisms Microorganisms are useful tools in genetic 

studies for the following reasons: (i) mjcro- 
organisms have short generation times; (ii) 
very large* populations of almost identical 
cells c^n be produced asexually from a single 
cell in a short time; (iii) large populations 
can be gjown iri a smftll volume; (iv) micro- 
organisms are usually haploid. and gene 
expression is immediate; (v) and a variety of 
mutants can be isolated. 

Riley, M., and A. Anilionis. 1978. Evo- 
lution of the bacterial genome. Annu. Rev. 
Microbiol. 32:519-560. 
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, G = T/3..3 log (6/B), , . 

" \ 

where G = generation time; T = time of t^ell 
growth; B = number of cells in original pop- 
ulation; h = number of cells in final popula- 
tion. 

SiYice bacteria divide by. binary fission, a 
singje cell will give rise to over 1 million cells 
in 20 generations and to over 1 billion cells 
in 30 generations. 

Cell populations of bacteria approach 10 
cells per ml in liquid cultures. Denser pop- 
ulations can be grown on the surface of solid 
media. 

Since microorganisms are haploid. a rnu- 
tation will not be masked by its dominant 
counterpart. 

Genetic recombination in eucaryotic mi- 
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Inoculating ''needles" 
transfer colonies in their 
an enriched medium to 
lacking growth factors. 



may be used to 
exact position from 
a variety of media 
Nutritionally defi- 
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TOPICS AND SUBTOPICS 



17.0 

17.1 



17.2- 



GeneticallyV Impor- 
tant Macromolecules 

Deoxyribonucleic Acid, 
Ribonucleic Acid, and 
Protein 



Deoxyribonucleic Acid 
(DNA) 



17.21 Functions of DNA 



17 9^ l^eplication 

ERIC^ 



A. ESSENTIAL INFORMATION 



The major molecules important jin ge - 
netics are deoxyribonucleic acid (EJNS), B*- 
bonucleic acid (RNA), and protein/ ; 

Cohen, S. 1975. The manipulation of 
genes, Sci. Am. July 233ft24-33. 



DNA is a double-stranded polymer of nu- 
cleotides. Each nucleotide consists of a phos- 
phate group, deoxyribose sugar, and one of 
four bases: adenine, guanine^ thymine, or 
cytosine* The tw6 strands are held-together 
by hydrogen bonding 'between the comple- 
mentary base pairs adenine and thymine 
and guanine and cytosine. ^ 



DNA has two major functions: to replicat^e 
itself and to code for the synthesis of jJVotein. 
A gene is the sequence of nucleotides which 
codes for a single protein. The entire com- 
plement of genes in an organism comprises 
its genome. / 

Mirsky, A. 1968. The discovery(of DNA. 
Sci. Am. June 218:78-88. 
«♦ 

The two DNA strands separate ^ a spe- 



B. ENRICHMENT INFORMATION 
croorganisms ilsually involves fusion of nu» 
clei from tw<y individuals to form a diploid 
nficleus. This is followed by meiosis. Haploid 
individuals develop characteristic of both 
parents.- 



, The genetic information coded in d5^a is 
transcribed into mRNA which is then trans- 
lated into protein. This flow of information 
constitutes the central dogma of molecular 
genetics, A diagramatic form of this dogma 
would be DNA — ♦ RNA — ♦ protein. Messen- 
ger RNA, transfer RNA, and ribosomal 
RNA are involved in protein synthesis. In 
RNA viruses, reverse transcriptase is the 
enzyme which produces a DNA copy of the 
RNA genome of the virus. 

In procaryotes, DNA is a small circular 
molecule without a surrounding membrane. 
Procaryotes do not have histones. 

Eucaryotic DNA is divided into chromo- 
somes. The DNA is combined with histone 
and nonhistone proteins to form a complex 
structure. The number of chromosomes var- 
ies among different eucaryotic organisms, 
and these chromosomes are located in the 
nucleus, a membrane-bounded structure. 

Mitochondrial and chloroplast DNA are 
srhall circular molecules located in these 
membraneous organelles. 

In biosynthebjc pathways which require* 
numerous enzyniatic steps, the genes coding 
for the^arious enzymes may be linked into 
a unit called the operon. An operator gene 
and a regulator gene control the operon's 
functioning. 



Replication is catalyze'd'>by DNA polym- 
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C. PRACTICAL ACTIVITIES 
cient mutants, auxotrophs, can be identified 
by their failure ♦ to grow on one or more 
deficient media. 



The nuclear region of procaryotes can be 
demonstrated by the Feulgen staining pro- 
cedure. Stainiirrg of eucaryotic cell nuclei or 
. phroraosom<»s is achieved by use of basic 

{dyes. 



One evidence of DNA as the genetic in- 
formation carrier comes from the experi- 
ments Hershey and Chase (1952), who 
demonstrated that only the DNA of the 
virus entered a bacterial cell.* 
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TOPICS AND SUBTOPICS 



17.3 



Ribonucleic Acid (RNA) 



A. ESSENTIAL INFORMATION 
cific point called the origin: Enzymes cata- 
lyze the s^thesis of' two new strands com- 
plementary to each of the original two 
strands. The two new DNA ^polecules- 
formed are identical to the original molecule. 



RNA is a single-stranded polymer of nu- 
cleotides. The nucleotide subunit of RNA 
differs from that of DI^A in that ribose 
replaces deoxyribose and uracil replaces thy- 
mine. There are three major types of RNA: 
messenger RNA (mRNA), transfer RNA 
(tRNA), andtibosomal RNA (rRNA). 

Rich, A., /and H. K. Sung. 1978. The 
three-dimensibnal st^ycture of transfer 
RNA. Sci. Am. January 238:52-62. 



B. ENRICHMENT INFORMATION 
erases which require a single-stranded tem- 
plate; the mecil;(anism by which the double- 
stranded molecule separates is unknown. 

DNA replicates itself in a semiconserva- 
tive process as described by Meselson and 
Stahl in 1957. The two strands of the double- 
stranded DNA molecule are complementary 
in base sequence. Each strand serves as a 
template to which a new strand is formed, 
resulting in two DNA molecules having one 
strand from the original^pNA molecule ^nd 
one strand ripwly synthesized. 
. The prdcefes also requires a primer ^g- 
ment of polyribonucleotide, 50 to 100 nu- 
cleotides long, produced by a DNA-depend- 
ent RNA polymerase (probably different 
from that involved in RNA synthesis). 

Replication is discontinuous and occurs in 
a 5' to 3' direction on both strands of the 
open region of DNA as demonstrated by 
Okazaki in 1968 (Fig. 10). The RNA-DNA 
fragments found in the initiation processes 
of replication are j:ermed Okazaki fragments. 

The three types of RNA are coded in the 
specific base sequences on the DNA mole- 
cules. The maturation process of the three 
kinds of RNA differs and results in specific 
spatial configurations for each RNA type. 

rRNA constitutes up td 65% of the ribo- 
somal mass. Procaryotic ribosomes have 
three characteristic forms of rRNA; eucar- 
yotic ribosomes are larger and have four 
types of rRNA. 



C. PRACTICAL ACTIVITIES 

■ / ... 



17.31 



Functions of RNA 
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The three types of RNA function at var- 
ious stages in protein synthesis. 



mRNA is involved iri both transcription 
and translation'^rocesses of protein synthe- 
sis. A specific mRNA is a transitory mole- 
cule. 

The tRNA is folded in a "cloverleaf" 
structure. Each of the 20 amino acids found 
in proteins has at least one corresponding 
tRNA. Some amino acids are carried by 
more than one tRNA. The mRNA codons 
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17.4 



Protein Structure 



17.5 



Protein Function 



17,6 



Protein Synthesis, Tran- 
scription 



A. ESSENTIAL INFORMATION 



A protein is a linear polymer of amino 
acids joined together by peptide bonds. The 
protein has a unique three-dimensional 
structure determined by its amino acid se- 
quence. 



Proteins functioifas enzymes and as struc- 
tural elements. 



In transcription the mRNA molecule is 
synthesized complementary to a gene on one 
strand of DNA. The mRNA bases form the 
pattern to be translated into the specific 
amino acid sequence of a protein. A triplet 
of three nucleotides is called a codon and 
will be translated into one specific amino 
acid of the protein. ^ « 



B. ENRICHMENT INFORMATION 
and the corresponding^ amino acids in the 
genetic code are known. 

Furthermore, secondary and tertiary con- 
figurations of a protein are determined by 
the primary structure. Proteins can associ- 
ate noncovalently with other prpteins in spe- 
cific arrangements, resulting in a quaternary 
configuration. 

As enzymes, the protein has specific sites 
at which a substrate molecule is changed to 
the product of the enzyme's action. This site 
is called the active or catalytic site. 

As structural elements, proteins consti- 
tute at least 50 to 60% of the cell membrane. 

The DNA'dependent RNA polymerase 
binds to specific initiation sites on the DNA 
to begin transcription of a specific RNA. 
The initiation site-binding complex results 
in localized strand separation of the DNA 
and the beginning of transcription (Fig. 11). 



C, PRACTICAL ACTIVITIBS 



17.7 Protein Synthesis, 
Translation 
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In translation the mRNA molecule is de- 
coded on the ribosome by the tRNA mole- 
cules carrying amino acids. Each tRNA at- 
taches to a specific codon of the mRNA. Tl^e 
ribosome moves along the mRNA, resulting 
in the sequential polymerization of amino 
acids to form a protein (Fig. 11). 



Translation of mRNA involves four major 
steps. 

(i) Activation of tRNA. This involves the 
binding of an amino add to tRNA. 

(ii) Initiation of translation. The first ini- 
tiating aminoacyl-tRNA binds to the smaU 
subunit of the ribosome with the involve- 
ment of specific proteins. The large ribo- 
somal subunit attaches to this complex, thus 

^ 'forming a functional ribosome, ready for the 
next step. 

(iii) Combination of amino acids into an 
elongating protein chain. The polymeriza- 
tion of amino acids is accomplished by the 
sequential transfer of amino acids from the 
tRNA molecules which attach to the mRNA 
at the ribosomal positions, peptidyl site (P) 
and aminoacyl site (A). After formation of 
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There is one closed circular chromosome 
DNA molecule per ceU which attaches to 
the cell membrane at a specific attachment 
site. No structural proteins are associated 
with thfi DNA molecule. 



A plasmid is an extrachromosomal, closed 
circular molecule of DNA which varies from 
0.1 to 10% the size of the chromosome. Cells 
may contain multiple copies. The't)lasmid is 
not necessary for essential normal cellular 
activities. Some plasmids may integrate into 
the bacterial chromosome. >^ 

Clowes, R. C. 1973. The molecule of 
fectious drug resistance. Sci. Am. April 228: 
18-27. 



B. ENRICHMENT INFORMATION 
thjB peptide bond between the two amino 
acids attached to the P and A sites on the 
ribosome, the ribosome moves one codon 
further along the mRNA chain: the peptidyl 
site contains the growing polypeptide site, 
whereas the aminoacyl site accepts a new 
aminoacyl-tRNA which carries the antico- 
don corresponding to the new codon on the 
mRNA molecule. In this stepwise fashion, 
each succeeding codon is translated i^to^ an 
amino acid and eventually into the protein 
chain. 

(iv) Termination. The protein chain is' 
completed when the appropriate termina- 
tion codons are reached on the mRNA mol- 
ecule. The protein product is released from 
the ribosomes. 



The sequence of bases in the DNA may 
be used as a measure of the relationship of 
different species. The closer the sequence, 
the closer the relationship. 



Plasmid replication may be under its own 
control or that of the chromosome. 

Plasmids must contain genes for their own 
replication and may contain genes for trans- 
fer and for the synthesis of other products. 

Plasmids can be divided into various 
classes depending on the products for which 
they code. These include drug resistance, 
bacteriocin, and toxin synthesis. 

Plasmids in an integrated state may mo- 
bilize transfer of a chromosome to another 
ceU. ^ 

A plasmid^ay carry a chromosome frag- 
ment. In a state of this type it can transfer 
bacterial genes. 



C. PRACTICAL ACTIVITIES 



The genetic material of eucaryotic micro- Eucaryotes contain several basic proteins 
organisms is located mainly in the form of (histones bound to their DIJA). These help 
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The bacterial chromosome may be visu- 
alized by autoradiography. 

The 'bacterial chromosome attached to 
the bacterial membrane may be isolated by 
detergent lysis of the cell followed by cen- 
trifiigation. 

Plasmids may be physically mapped by 
cleavage into fragments ay enziones (restric- 
tion enziones) which cut at specific sites. 
Each plasmid yields a distinct and reproduc- 
ible fragment pattern. 



The chromosome number tnay be deter- 
mined in some cases by staining the chro- 
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18.4 Eucaryotic Organelles 



18.5 



Procaryotic DNA 
Tranafer 



18.51 



Transformation 



18.52 Conjugation 



niii 



18.53 Transduction 
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A. ESSENTIAL INFORMATION 
multiple DNA molecules called-^xhromo- 
somes, which also contain bound structural 
and regulatory proteins. The .cell can be 
haploid or diploid. 

Both mitochoridnVand chloroplasta con- 
tain small procarybte-like chromosomes. 

Goodenough, U.^J'nnd R. P, Levine. 
1970. The genetic activity of njj^ochondfia 
and chloroplasts. Sci. Am. November, 223: 
22-29. , 

DNA is transferred frpm donor to recipi- 
ent cells by three different mechanisnis: 
transformation, conjugation, and transduc- 
tion. Once inside the recipient cell, the donor 
DNA tnay recombine with the recipient 
chromosome. Plasmids also may be trans- 
ferred by transformation, conjugation, and 
transduction. 



In DNA-mediated transformation, DNA 
fragmentefeleased from lysed cells are taken 
up by recipient cells. 



In conjugation the donor DNA is trans- 
ferred during the time that the donor and 
recipient cells are held in contact, by a sex 
pilus of the donor. (F^) bacterium. 

Wollman, E., and F. Jacob. 1956. Sex- 
uality in bacteria. Sci. Am. July. 195:109- 
116. 



In transduction the donor DNA is trans- 
ferred from the donor to recipient cells by a 
bacteriophage (phage). 

Zinder, N. 1958. Transduction in bacte- 
ria. Sci. Am. November. 199:38-43. 

Introduct 



' B. ENRICHMENT INFORMATION | 
determine the chromosome structure. They 
also have acid proteins bound to the DNA 
which are involved in regulation of gene 
expression. * " > 

\ - 
Organelle DNA contains genes for ribo-' 
somal RNA, ribosomal protein and some, 
but not allif transfer-RNAs. 

Organelle DNA contains some genes for' 
enzymes such as cytochrome oxidase in mi- 
tochondria. 

Transfer is recognized if the donor DNA 
differs from the recipient DNA, and the 
m&ture of cells is plated on a medium on 
which only recombinants will be able to 
gro^J^and'form colonies. 

Transfer has been recognized in only a 
small minority of all bacteria. However, this 
may be because the proper conditions have 
not been used to demonstrate transfer. 

Addition of deoxyribonuclease to the 
lysed donor cells prevents transfer by de- 
grading the donor DNA. 

The recipient cells must be grown in a 
certain way to gain the^aliility to take up 
such a large molecule as DNA. Such recipi- 
ent cells are termed competent. 

Chromosome transfer is detected if the 
donor and recipient cells are plated on a 
medium on which neither will grow, but on 
which cells with a combination of the donor 
and recipient cells' properties will grow. 

Most cells attach to one another by means 
of pili. DNA is transferred only as long as 
the cells remain in contact. 

The bacterial DNA takes the place of 
phage DNA inside the protein coat of the 
phage; thus, the phage is ''defective*' since it 
doe& not havp all of the genetic information 
required for its own replication. 

ory Microbiology— -U9 ^ 
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C. PRACTICAL ACTIVITIEli^ 
mosomes and counting and can often' be 
estimated by linkage analysj^. . 



Purified DNA from organelles is generally • 
isolated by first purifying the organelle. ^ 
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rOl'iaS AND SUBTOPICS 



A. KSSENTIAL INFOUMATION 



18.6 Mutation 



A mutation in an inheritable change in 
ae base sequence of DNA. A mutation may 
j{\nge any characteriHtic of a cell or a virus. 



18.61 Base Sequence Changes 



The base sequence of DNA may Jbe 
changed by substitution of a base; addition 
or deletion of a single base; or deletion or 
addition of a segment of DNA. \ 



k ISNRICIII^ICNT INFORMATION 
The recipient cells ard plated on a mo- 
diuhi on which t^joy will not grow unlesfl 
they are proyided with additional gonotic^ 
information. Only recipient cells that are not' 
lysed by the phage can be transduced. 

Mutu^tions can be either spontaneous or 
induced. 

Mutations may or may not cause an ob- 
servable change in phenotype depending 
upon the extent or change in an enzyme. 
Examples of types of mutation are as fol- 
lows. 

Structural. Loss of ability to produce a 
capsule; loss of ability to produce flagella 
(nonmotile mutant); change in colonial mor- 
phology. 

Nutritional. Loss of ability to synthesize 
a biosynthetic enzyme, thereby producing a 
requirement for a particular nutrient or 
growth factor not required by the parent 
cell; parent is the prototroph and the nutri- 
tional mutant derived from it it called an 
auxotroph. ^ 

A drug- or virus-resistant mutant can 
grow in the presence of a drug or virus which 
kills or inhibits the growth of the parent. 

Loss of degradative enzymes is manifested 
by loss of ability to use a given compound as 
a carbon source or energy source. 

Temperature-sensitive mutants grow at 
^one temperature but not at another. This is 
an exam'ple of a conditional lethal mutant, 
that is, an organism that grows only under 
conditions not required for growth of parent. 

Mutational events involving a change in 
a single base or base pair are called point 
mutations. Ultimately, all mutations occur 
because of change in the bise pair sequence 
in DNA synthesis. 



18.62 Mutation Frequency 



KLC 



The rate or frequency with which muta- The mutation rate refers to "sponta- 
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0. PUAQTIOAlAACTIVlTIlCa 



Phenotypic expressions of mutations may 
be detected by direct observation of colony 
color, size, texture, or other colonial prop- 
erty; use of differential media;^ isolation of 
putriti^nal mutants by replica^ plating; and - 
the use of penicillin selection (bacteria) or 
filtration technique (molds) to^^irich for 
mutants. 

Exposure to ultraviolet (UV) ligjit and X 
rays may increase the yield of mut&nt cells. 
Examples of mutants include pignkntation 
mutants as colonies on solid mediaj phage- 
resistant mutants identified as [colonies 
forming on agar platfes^ which haw'e been 
sprayed with phage; antibiotic -resifitant mu- 
tants isolated on medial containing) the anti- 
biotic; and replicaf-platir^ tec hnicm^ using 
a velveteen pad as a^ iowiulatin^oA^ice to 
transfer colonies in their«cact po^ldn from 
a plate containing an enryhed meJjium to^a 
variety of media lac king;I^articulAr , growth 
factors. <• " [i> 
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A, KaflF.NTlAL INFOUMATION 
tionB occur At HpQoiflo rUoh on tho DNA 
moloculo, (lifforH for difforont gonoH. 



' Chemical and physical agents which in- 
crease the rate of mutation by interacting 
with and modifying the DNA are called mu« 
tagenic agents. . 



n. KNUIOHMRNT INFORMATION 
neouH'* tnutfttionfl, i.e., those ai^fllng with no 
apparent Intervention on thcj part of tho 
invefltigator. The mutation of one gone is 
indopondont of mutation in other genes. 

Mutagenic agents are used experimen- 
tally toMncrease the frequency of mutation; 
the dose and/or time of treatment is dhoson 
to cause approximately 00%'T«nrmg"ofJcel!a, 
No mutagenic agents are known whicji are 
specific for causing the mutation of a partic- 
ular gene. General categories of mutagenic 
agents include the following. 

Substitution of DNA base analogs for nor- 
mal bases results in an increased incidence 
of incoisoration of "iurong** bases. Examples 
of sudh' analogs a^5-bromouracil and 2- 
aminopurine. 

Chemicals which react with DNA bases 
in such a way afi to change their chemical 
structure result in a change in hydrogen 
bonding propecties and consequent changes 
in base pairing, addition, or deletion of bases. 
Exan:iples of such chemicals include nitrous 
acid, hydroxylamine, monofunctional alkyl- 
ating agent (ethyl methane sulfonate), and 
bifiLinctional alkylating agents (nitrogen 
mustards, mitomycin, and nitrosoguani- 
dihe). This group causes cross-linking be-' 
tweeen the two DNA strands, prevents un- 
winding, and may result in deletion of a 
segment of DNA. 

Acridines are inserted between bases in 
jPNA. Thus causes the addition or deletion 
5f a single base, producing frame shift mu- 
lations. 

ih tJV radiation exposure causes the forma- 
tion of covalent bonds between two adjacent 
thymines on the same strand of DNA (thy- 
mine dimer), producing changes in base pair- 
ing. 

Ionizing radiatio^ exposure produqas mul- 
tiple effects on th^ DNA molecule. 



o: PHAOTIOAL ACTlVITUija 
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Comparisons of irradiated and non-irra- 
diated oultures of Serratia marccHcemahoyf 
differences in the frequency of mutation 
with regard to Jethal mutations, pigmenta- 
tion, and colony morphology. 
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(OH ANIl HUUTOPICIH 



A. WlflNTIAI. INTOUMA'riON 
OhnnHwi In (lio onvironWa mny hIvo 
iniitHnt an lulvimtngo ho tlmi^)t willKj'>i 
ftwtor than tho piirtint iuurro|)>i|^i(uHtrilui 
uhnuHo in oiwIroninoiU dotm not v.wxm or 
induco rn\itntionH but HoloolH'for |)ruoxiHtinK 
iiuitnntH.X 




n. iwlutiiiMioN^r ini'X)umation 

' A popn^iM loo imU to gMOotioally 
HtnMo In tin) abHooco of an onvlroiunonial 
ohanna hoIoVivo for nmtant«; oaolj nuifAnt ia 
io>u|uilibrlu^n at a IVotinonoy In tlio total 
po|)ula'tlon ))vo|)ortlonal to Uh nuitatlon raio. 

Hnotorla avo more aHaptablo to now on- 
vIroarnontH than oucaryotlu ooHh booauHO 
tboir baploid naUna niakoH poHHiblo tho lin- 
inacllnto uxproHHion of nuitatJona, In addi* 
tlon,M)a(!tcri«l growtb ratua arc fnatar; and 
bigb popabxtion donHity hioroaHoa tbo prob- 
nbiUty of obtaining a wider variety of nin- 
tantfl. Moroovor. ovory coll can potentially 
give riao to a now atrain. ^ 

Sumo mutntionH aro '•floloctivo" and con- 
fer an advantage on the organism jundor 
certain environmental conditions; otlffira are 
"unsolfictive" and confer neither an advan- 
tage' nor disadvantage on the mutant cell 
compared to the parent. 

Selective mutants are easier to detect and 
isolate, and direct methods n^ay be used; 
indirect methods- for Examination of very 
large numbers of cells is tequired to detect 
and isolate unselective mutants. 

Principles of natural selection as it o^ccurs 
in the environment are used in developing 
methods, of direct laboratory selection. 



0. PllACTlOl^b AOTIVITHAS 
Two n^albodM tljat can ba y\m\ for the. 
iMolatloa of antlbiotidMaHlHtant nnitantH are 
gradlont agar platoa and Holootlva media. 



DNA Repair 



Microorganisms have enzymatic mecha- 
nisms to repair DNA. 



Photorepair or lij^5S>^^iM)air mechanisms 
require the presence ofc^jvisible light* This 
mechanism for repair of UV-induced dam- 
age involves breakage of the covalp'nt bonds 
joining the thymin0 dimers; it requires a 
speciHc enzyme system. Dajrk repair mech- 
anisms do not.reqviire visible light. Specific 
cellular enz3rmes excise damaged portions of 
a single DNA strand and other enzymes and 
.then synthesize a segment of DNA comple- 
mentary to the normal DNA strand. 



Expose UV-irradiated cells to visible light 
and then compare frequency of mutation 
with cells kept in the dark after UV irradia- 
tion. 



Chemical Methods of 
Microbial Control 
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TOPICS AND SUBTOPICS 
19. 1 Modea of Action 



A. ESSENTIAL INFORMATION 
MicrobicideB are aubstances that kill mi- 
croorganisms. 



19. 1 1 Growth Inhibition 



Microbioatatic agents are substances tHat 
inhibit the growth of microorganisms. 



19.12 Lethal Effects 



9 

Microorganisms may be killed by various 
means, including protein denaturation, cell 
lysis, alterations in cell membrane permea- 
bility, and interference with cellular metab- 
olism and/or reproduction. 




1J3 



B. ENRICHMENT INFORMATION 
For all practical purposes, microbicides 
and disinfectants are synonyms for agents 
that are commonly used for killing of all 
kinds of microorganisms. However, their use 
is geniBrally confined to disinfection of inan- 
imate objects. 

Chemicals commonly used as inicrobio- 
static agents include aniline dyes, such as 
stains, e.g., crystal violet, which may react 
with cells (especially gram-positive cells) 
and prevent them from growing. However, 
cells can be quickly reactivated by washing 
off the dye. 

Other frequently used microbiostatic 
agents include synthetic detergents, such as 
quaternary ammonia compounds. 

Solutions of heavy metals, strong acids, 
or halogens may precipitate protoplasmic 
protein {coagulation or denaturation). 

Coagulation of cellular protein is pre- 
ceded by breakage of hydrogen or disulfide 
bonds in the secondary and tertiary struc- 
ture of proteins (partial denaturation). Dam- 
age is irreversible. 

Damage to cell walls, especially those of 
gram-positive bacteria, may be caused by 
the enzyme lysozyme {found in tears, leu- 
kocytes, etc.). Disintegration of the cell wall 
is followed by cell lysis. 

Phenolic compounds, synthetic deter- 
gents, soaps, and other related substances 
tend to destroy the selective permeability of 
membranes of the cell and permit leakage of 
cellular constituents, especially N and P. all 
of which result in cell death. 

Interference with reproduction may be 
accomplished by inhibiting nucleic acid 
(DNA or RNA) synthesis. Such agents may 
inhibit nucleotide formation or interfere 
with polymerization of nucleotides into nu- 
cleic acid, e.g., 5-bromouracil, an antimetab- 
olite for thymine. 
Introductory Microbiology— l*-^'? 



C. PRACTICAL ACTIVITIES 
Laboratory experiments may be used to 
show that most microbicides are chemical 
agents that kill growing microorganisms, but 
not necessarily heat-resistant spores, and 
that many solutions of heavy salts kill a 
variety of microorganisms with which they 
come in contact. 



Experiments may be used to show that^ 
cells subjected to certain concentrations of 
heavy metal solutions, phenol and phenolic 
solutions, high osmotic pressure- exerting so- 
lutions, synthetic detergents, and soap may 
no longer be able to produce colonies on 
suitable media. 



TOinCS AND SUBTOI'KJS 
19.2 Factors Affecting the 
Action of Chemical 
AgentH 



A. ESSENTIAL INFOHMATION 
Microbicide and microbiostatic agent ef- 
fectiveness is influenced by factors such as 
contact time, concentration, pH, tempera- 
ture, nature of microorganisms, and varying 
susceptibility of the agent within the target 
population. 



B. ENRICHMENT INFOHMATION 

As a rule, the longer the contact time with 
the chemical agent, the greater is the inhi- 
bition and destruction of cells. 

Generally, the higher the concentration 
of chemical agents, with some exceptions, 
e.g.. ethyl alcohol (ETOH is most effective 
at a 70 to 75% concentration), the more 
effective is the killing or inhibition. 

As a rule, the lethal or toxic action of an 
agent is enhanced by increasing the concen- 
tration of or OH" ions. 

The warmer the agent, the more effective 
it is because chemical reactions in general 
are more rapid at higher temperatures. 

The types, age. and numbers of microor- 
ganisms are important factors to consider. 
Generally, younger cells are more suscepti- 
ble than older cells. Growing cells are subject 
to interference with metabolism, whereby 
nongrowing cells would not be affected. 

The membranes of older cells tend to be 
less permeable to chemical agents than the 
membranes of young, dividing cells. 

Vegetative cells of spore-forming orga- 
nisms are more susceptible than dormant 
spore stages. \ 

In a mixed population some species are 
more susceptible to certain agents than oth- 
ers, i,e., lysozyme tends to attack gram- pos- 
itive cell walls. 

Generally, human pathogens are more 
sensitive to certain agents than the normal 
flora of the human body. 

p]ach agent behaves differently under dif- 
ferent circumstances. 



C. PRAdTICAL ACTIVITIES 



20.0 

20.1 




Physical Methods 
Microbial Control 
Modes of Action 



of 



Physical agents mayinhibit or kill micro- 
organisms in some or the following ways: 
coagulation of protein, enzyme oxidation, 
depression of metabolism, cell hydration, 
and DNA injury and destruction. 



Intense moist heat coagulates protein, 
and dry heat oxidizes protein. Damage is 
irreversible. 

Moist heat is more efficient than dry heat. 
Moist heat at 120 to 12rC for 15 minutes 
(only obtained by autociaving) kills micro- 
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Experiments may be used to show that 
high and low temperatures, incineration, ra- 
diation« and ultrasonic waves may slow 
growth, inhibit, or kill microorganisms. 



i. ^ 0 



TOPICS AND SUBTOPICS A. ESSENTIAL INFORMATION . B. ENRICHMENT INFORMATION 

organisms, including spores, but dty heat 
, " requires a much higher temperature for a 

longer period (160^0 for aboilt 2 hours to 
sterilize laboratory glassware)^ . 

Most cell enzymes are denatured at boil* 
^ ^ ihg temperatures. Enzymes in spores are 

protected from heat because of the struc* 
tares of . the extensive outer coverings or 
reduced cell water content (thick spore cor» 
tex)» 

Temi^ratures below optimum for growth 
depress the rate of metabolism, and if the 
temperature in Bufllciently low, growth and 
metabolism cease. 

Dessication is a process by which cell 
water is removed. Excessive dehydration 
causes cessation of metabolic activity, 
ji, Loss of cell water may occur if the cells 

are placed in a highly osmotic solution. In 
such a solution cells tend to collapse (plas- 
molysis) due to excessive loss of cell water 
to the solution outside. However, freeze- 
drying (lyophilization) of the cell may re- 
move water but the process does not cause 
injury to the cell; hence, the cell may be 
viable for many years. 

Various types of radiation are used in the 
control of microorganisms. UV light (260 
|im) is used in killing microorgafiisms. 
$horter waves (185 nm) are more rapidly 
lethal but are difficult to control and apply. 
— Radiation such as U V, X rays, and gamma 
rayls, tends to damage nucleic acids; such 
treatments either produce thymine dimers 
or break H bonds of nucleic acid, resulting 
in either the killing, injuring, or mutating of 
the cells. 

As a rule, the shorter the wavelength, the 
more damage to the integrity of the cells. 



20.2 
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Factors Affecting Modes 
of Action of Physical 
Agents 



1 



Factors affecting the modes of action of The concentration, dosages, etc., of the 
physical agents include the natare and in- physical agent have an influence on its effec^ 
tensity of the physical agent, exposure time, tiveness in the killing or inhibition of micro- 
the type of microorganism, the physiological organisms; for example, moist heat is more 
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A/ESSKt?TIAL INFORMATION 
state of the organism* and the Burrounding 
enviroiimdnt. ^ 



B. ENRICHMENT INFORMATION 
efficient than dry heat and gamma rays are 
more lethal than X rays. 

Contact or exposure time is inversely pro- 
portional to the intensity of the agent ap- 
plied, e.g., the higher the temperature, the 
less time required; the shorter the wave- 
length, such as gamma rays,>the less contact 
time required. 

If cells are surrounded by efficient heat- 
transferring material, they are easily inacti- 
vated or destroyed. If they are surrounded 
by poor heat conductors, such as soil, they 
tend to survive correspondingly longer. 



C. PRACTICAL ACTIVITIES 
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,0 Antimicrobial Chcm- 

- othorapcutic Agents 
1 Modes of Action of 
C h e mo t herapeu t ic 
Agents 



Antimicrobial chemotherapeutic agents 
jire chemical substances used in the treat- 
ment atid control of various infectious dis- 
eases. 



Arsenical compounds, quinine, sulfona- 
mides, and antibiotics are used as chemo- 
therapeutic agents, i.e., substances used in 
treatment of diseases by destroying or pre- 
venting the activity of parasitic organisms 
without major injury to the cells of the host. 

Historically, the chemotherapeutic agents 
arsph^namine and lieoaarsph'enam^g were 
used in control of syphi%i':bt3t'ihey have 
been replaced by penicillin. 

Quinine and its derivatives from the bark 
of the chinchona tree are useful in the treat- 
ment of malaria. * 

Antibiotics such as tetracycline an^lchlor- 
atnphenicol are broad-spectrum antibiotics, 
that is, they are able to inhibit many gram- 
positive and gram-negative organisms. 

Synthetiq chemotherapeutic agents are 
those compounds which have been found to 
have antimicrobial activity, for example, ni- 
trofurans. Such agents do not occur natu- 
rally but have a broad spectrum of action. 

Isonicotinic acid hydrazide has been used 
for treatment of tuberculosis, and nalidixic 
acid has been used for treatment of urinary 
tract infections caused! by gram- negative 
bacteria. 
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Laboratory experiments may be used to 
demonstrate the sensitivity of microorga- 
nisms to chemotherapeutic antimicrobial 
agents. 



1 



TOPICS AND SUBTOPICS 
141 Definition 



21.12 



Static and Cidai Effects 



A. ESSENTIAL INFORMATION 
In general, naturally occurring sub-" 
stances, as distinguished from sjmtheticaliy 
produced connpoundsi are referred to as an- 
tibiotics. 



Chemotherapeutic agents can eithex: in- 
hibit the growth of or kill niicroorganisnns. 
Those inhibiting growth are called micro- 
biostatic agents and those killing are called 
microbiocidal agents. » 



B. ENRICHMENT INFORMATION 
Many microorganisms produce antibiot- 
ics which provide protection against other 
microorganisms, i.e., they excrete a specific 
substance that interferes with the metabo- 
lism of other microorganisms, thereby -pre- 
venting their growth or killing them. 

Many antibiotics (riaturally produced by 
microorganisms) are not produced synthet- 
ically on a commercial scale. 

The actions of antibiotics include the in- 
hibition or interference with cell waU syn- 
thesis, DNA synthesis, or injury to cell mem- 
branes. 

Penicillin, produced by Penicillium chry- 
sogenum is active primarily against gram- 
positive bacteria and inhibits their cell wall 
synthesis. 

Tetracycline is produced by Streptomyces 
aureofaQiem and is a broad-spectrum anti- 
biotic and interferes with protein synthesis. 

Novobiocin, produced by Streptomyces 
griseus, attacks primarily gram-positive bac- 
teria and inhibits DNA polymerization. 

Griseofulvin produced by S. griseus at- 
tacks pathogenic fungi and interferes with 
fungal cell wall and nucleic acid synthesis. 

Other microbiostatic agents include sul- 
fonamide drugs which act as structural an- 
alogs of paraaminobenzoic acid. 

Many different cellular enzymes (en- 
zymes in the glycolytic system, citric acid 
cycle, and cytochrome system) are potential 
targets for an inhibitor. For example, cy- 
anamide inhibits glycolysis; trivalent arsenic 
compounds may block the tricarboxylic acid 
cycle; and many halogens (CI, B, I) and 
other oxidizing agents may alter or inacti- 
vate the enzymes. 



22.0 Introduction to ItnC^ 
munity (Resistance) f 

22.1 The Nature of Immu^^ 
nity 



Immunity refers to the ability of an indi- 
vidual organism to resist and/or overcome 
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TOPICS AND SUBTOPICS 



22.11 The Immune Response 



22.12 Lymphocytes 



22. 13 B- and T-Type Lympho- 
cytes 



22.2 Antigens (Immunogens) 



22.21 General Properties 



22.22 Chemical Composition 



A. ESSENTIAL INFORMATION 
a disease agent to which moat or many of its 
species are susceptible. 

The immune response is a specific adap- 
tive response to foreign substances and ma- 
terials which include infectious disease 
agents, certain chemicals, and cells. There 
are two types of immunity, cellular and hu- 
moral, which may aid in eliminating foreign 
material or rendering it harmless. 

Immunity depends upon specifically re- 
active white blood cells called lymphocytes. 
Most lymphocytes are found in the spleen, 
lymph nodes, and Peyer's patches. 

Lymphocytes, which are responsible for 
humoral immunity (the production of anti- 
bodies), are referred to as bone marrow or B 
cells. Those cells responsible for cellular im- 
munity and influenced by the thymus gland 
are called T cells (Medical Microbiology, 
^^pic 14,14). 

An^tigens are substances which, when in- 
troduced into a host, will provoke a detect- 
able immune response. 

Antigens are perceived as foreign to a* 
host's immune system. The host is normally 
tolerant (nonreactive) to its own tissues and 
does not consider them as foreign. 

Some antigens are proteins, whereas oth- 
ers may be polysaccharides. Nucleic acids 
and certain lipids also are antigenic in some 
cases (Medical Microbiology, Subtopic 
14.22). 



B. ENRICHMENT INFORMATION 



C. PRACTICAL ApTIVITIES 



S 

A diagram showing the origins of T and 
B cells and their functional interactions may 
be used. Scanning micrographs of these cells 
also may be helpful. 




22.23 Antigenic Determinants 




13 



Antigenic determinants are those parts of 
, the antigen molecule that are actually in- 
volved in binding with antibody (Medical 
Microbiology, Subtopic 14.2^. 
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22.24 Haptens 



22.25 



Examples of Antigenic 
Materials 



22.3 



Immunoglobulins (Anti- 
bodies) 



22.31 



Classes of Inununoglob- 
iilins 



A. ESSENTIAL INFORMATION 
A hapten is generally a small molecule 
which is incapable of initiating an immune 
response. Such molecules can become anti- 
genic through linkage with large carrier mol- 
ecules (Medical Microbiology. Subtopic 
16.24). 

Bacteria (or their parts) or virus particles 
may serve as antigens. Most exotoxins are 
proteins. Their toxoids (altered toxins), 
which have little or no toxic properties but 
retain antigenicity and antigenic determi- 
nants, upon injection bring about the for- 
mation of antitoxins. These molecules serve 
to protect against the effects of toxins. 

Microbial antigens, such as whole cells 
(kiUed or attenuated) or viruses, when in- 
jected into animals including humans, in- 
duce a response resulting in the formation 
of specific immunoglobulins. 

Antibodies or inmiunoglobulins represent 
a specific group of heterogeneous proteins 
which are formed in response to antigenic 
stimulation and react specifically with the 
antigen that provoked their formation. Im- * 
munoglobulins are found in body fluids such 
as blood, l3anph, and tissue fluids. ^ 

Five major classes of human immuno- 
globulins are recognized, each with unique 
chemical properties and functions. The five 
classes are termed immunoglobulin G (IgG)f 
IgA, IgM. IgD, and IgE (Medical Microbi- 
ology, Subtopics 14.34-14.367). 

Most classes of inmiunoglobulins have 
been further divided into subclasses. 



B. ENRICHMENT INFORMATION 



C. PRACTICAL ACTIVITIES 



V 



/ 



22,32 



Mechanism of Action 




il3 



Antibodies may interfere with or inhibit 
the activities of foreign cells and substances 
through various mechanisms, including in- 
creased opsonization, which facilitates the 
phagoc3^osis of microorgcmisma and other 
materials; cellular destruction (cytolysis) of 
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22.4 



Host-Parasite Relation- 
ships . 



22.41 Host Resistance 



A, ESSENTIAL INFORMATION 
certain microorganisma and other cells in 
the presence of complement (a system of 
serum proteinls which is activated by certain 
^antigen and antibody reactions); neutraliza- 
tion of toxins; and prevention of the attach- 
ment of microorganisms siich as viruses to 
susceptible host cells. 

C)rganisms live in various relationships to 
each other in nature. In the human body. 
Host-parasite relationships may exist in sev- 
eral body sites. One of the undesirabljB rela- 
tionships is parasitism. This is the associa- 
tion in which one organism lives either on 
or in another form of life (the host) at the 
expense of the host. 



■The ability of a host to prevent or^ 
overcome the effects of a disease- 
microorganism (pathogen) is relateid to an 
individual's immunity. Such an at)Uh;y to 
resist pathogens may be attributed to two 
factors: natiual resistance (factors inheijent 
in the body) or resistance acquired during 
life (acquired immunity). 



B. ENRICHMENT INFORMATION 




J 



22.43 Host Defense Mecha- 
. nisms 



Invading pathogens must be capable of 
overcoming various anatomical and physio- 
logical barriers of the host's body before 
they can establish an infectious process. 



Natural resistance of a host depends on a 
large number of factors, including the host's 
genetic constitution, general health, nutri- 
tion, and environment and social conditions. 

Acquired resistance is usually due to the 
individual's experiences of infections and im- 
munizations (Introductory Microbiology, 
Topic 23.0, and Medical Microbiology, Sub- 
tppic 14.5). s 

Body defense n)echanisms include physi- 
cal barriers (intact skin), cellular factors, or 
biochemical factors (antigen-antibody reac- 
tions) (Medical Microbiology, Subtopic 
13.5). 

Physical resistance mechanisms include 
intact skin, mucous membranes, and all 
cases of flushing or glearing of the invading 
microorganisnis from the anatomical site. 
Phagocytosis by macrophages incorporates 
both physical and biochemical mechanisms. 
Biochemical factors include reactions in- 
volving various enzymes, body fluids, inter- 
feron and antibodies with invading micro- 
organisms, or those reactions between mi- 
crobial toxins and "antitoxins. 

The normal flora, of the human body. 
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A. ESSENTIAL INFORMATION 



22.5 



Microbial 
Factors 



Vif.ulence 



22.51 Microbial Toxins 



22:3^ 



Invasiveness 



The disease-producing capacity or viru- 
lence of organisms is determined by genetic 
properties which may be fully expressed un- 
der certain environmental conditions. Thi^ 
virulence may be due to various factors, 
including an organism's ability to produce 
toxic substances (tbxigenicity), invasiveness, 
and abihty to survive within a host. 

Microbial toxins ar^^oisonous substances 
produced by various microorganisms,^^x- 
amples of such toxins include exotoxins, en- 
terotoxins, endotoxins, and mycotoxins 
(Medical Microbiology, Subtopjps 13.63- 
13.634). 

Invasiveness is the ability of an organism 
to spread among the tissues of a host This 
virulence factor involves not only counter- 
I: acting normal host defenses but b|ipg able 
to spread from the original site of penetra- 
tion. 



B. ENRICHMENT INFORMATION 
which is found on the skin and mucous 
membranes and other locations without 
causing disease, also contributes-^ protect- 
ing the host against pathogens (Medical Mi- 
crobiology, Subtopic 13.3). 

Pathogens which fully express virulence 
may be able to grow and multiply, increase 
in local lesions, or spread throughout the 
host, be able to tolerate phagocytic action of 
leukocytes, be able to prevent production of 
antibodies, and be able to produce sub- 
stances injurious to host tissues (Medical 
Microbiology, Subtopics 13.65-13.67). 

Toxins interfere with normal cellular ac- 
tivities. 



C. PRACTICAL ACTIVITIES 



23.0 



23.1 
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States Of Immunity 
And Diagnos^c Im- 
munology 

Cell-Mediated Immu- 
nity 



113 



Cell-mediated immuriity is regulated by 
^-type lymphocytes and is dependent oh the 
presence of the thymus gland at birth. Im- 
mune responses mediated by T-type lym- 
phocytes are important in combating fungal 
parasites, chronic bacterial infections, and 
certain viral infections ancl are responsible 
for many accelerated rejections of allografts 
(grafted cells or tissues'from genetically dif- 
ferent individuals of the same species) (Med- 
ical Microbiology, Subtopic 14.4). 
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23.11 T'Cell Sensitization 



23.2 Humoral Immunity 



A. ESSENTIAL INFORMATION 
A T cell which comes into contact with 
an antigen for which it is specific is 'said to 
be committed or sensitized. Sensitized T 
cells multiply after exposure to such anti- 
gens and give rise to clones of cells, which 
produce a variety of biological effects. 



Humoral immunity is mediated by anti- 
bodies. B-type lymphocytes are responsible 
for antibody production. 



B. ENRICHMENT INFORMATION 
Sensitized T cells provide protection to 
the host through cellular mechanisms such 
as promioting phagocytosis (by producing 
lymphokines such as chemotactic factor and 
macrophage«activating factor) preventing 
viral multiplication via interferon, and con- 
tracting and destroying tumor cells and 
other fpreign cells, including virus-infected . 
cells. 

In cell-mediated immunity, the antigen 
may combine with particular lymphocytes 
(activated), and such cells enlarge, divide, 
and provide mediators (lynaphokines) which 
induce local inflammation and participate in 
the elimination of the foreign material. A 
classical example of this response is the im- 
munity to tubercle bacilli (Medical Micro- 
biology, Subtopic 14.43). 

Individuals who have recovered from 
measles or mumps or who have been im- 
munized with diphtheria, pertussis, and tet- 
anus (DPT) antigens are protected from 
these diseases because they^have produced 
specific antibodies against each of the caus- 
ative agents and/or toxoids. 

Certain disease states are diagi^sed in 
the laboratory^by demonstrating tl^.pres- 
ence of specific antibodies in a patient's se- 
rum, e.g., syphilis and infectious mononucle- 
osis. 



23.21 Primary Response 



23.22 Secondary Response 



:RIC ^^"^ 



The immune response that occurs aftej*.,/ 
initial exposure to a given antigen is called 
the primary response. With humoral . im- 
munity, IgM is usuallyw^the;y.^i^)i<»ahtibody 
produced and is detectable in ab^ut 1 week. 

Upon reexposure to the same antigen 
used in an initial exposure, \he body pro- 
duces a greater antibody response in a 
shorter period of time, kiiown as the second- 
ary or anamnestic- response. IgG, which is 
produced/in this response, is detectable for ^ 
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, ; 23.a' '^General States of Im- 
r; ; - . ; *;* ulaunity 

.^ .-*23.31 ' Native Irfimunity 



23.32 Acquired Immunity 



23.321 Active vs. Passive Forms 



23.33 



Types of Acquired Im- 
munity 



ERIC 



A. ESSENTIAL INFORMATION 

long periods and is associated with a long- 
lasting protection (Medical Microbiology, 
Subtopics 14.612-14.614). 

Native and acquired immunities are rec* 
ognized as general states of immunity. 

Native immunity refers to various factors 
involved with species ce^tance, racial re- 
sistance, and individual resistance. 



Immunity resulting from an exposure to 
antigen is said to <be acquired. Such immu- 
nity to a specific antigen may be actively or 
passively acquired. 

Active immunity may develop ft-om an 
infection or artiHcially by an immunization 
procedure such as vaccination. The immune 
response here is produced by the host. 

In passively acquired immunity, the im- 
mune response is not produced by the host. 
Preformed antibodies may be acquired nat- 
urally from other sources (Medical Micro- 
biology, Subtopics 14.5-14.52). 

Acquired immunity may be of four basic 
types: naturally acquired active, naturally 
acquired passive, artificially acqu^ed active, 
and artificially acquired passive. 



D. ENRICHMENT INFORMATION 



Resistance to infection varies with the 
species of animal or plant; e.g., infectious 
diseases of cold-blooded animals, with a few 
exceptions^^ rarely occur in warm-blooded 
animals. Racial resistance refers to genetic 
factors which influence disease resistance or 
susceptibility and is an inherited trait, e.g.. 
Native Americans are less resistant to tu- 
berculosis than Caucasians. 

The principle of species resistance is ex- 
tensively used in agriculture — the breeding 
of resistant plants is essential in crop pro- 
duction. 



Example/ of the four basic types of im- 
munity include the following. Naturally^ ac- 
quired active: natural exposure to an infec- 
tion. Naturally acquired passive: placental 
transfer of IgG. IgA in the colosti^iim o^ 
•mother's milk. Artificially acquired ^active: 
injection or other artificial applicajtion of 
attenuated microorganisms, or toxoids. Ar- 
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23.4 Immune DlHordurH and 
Hyporaonaitivity ' 



A. ESSIONTIAL INFORMATION 



23.41 



States of ti^ersensitiv- 
ity 




i 



I Immune diKorderH rof^ult from immuno< 
^lef)ciencie8 Huch oh lack of functional B-type 
lymphocytefl, \ir T-typo lymphocyteB, or 
both. 



J 



pjilypersenaitivity or allergy may result 
frpin adverse effects of humoral immunity 
(immediate hypersensitivity) or cell* medi- 
ated immunity (delayed hj^ersensitivity). 
Clinically, the states of hypersensitivity are 
organized into type I (anaphylaxis), type II 
(cytotoxic reaction), type III (immune com- 
plex reaction), and type IV (delayed hyper- 
sensitivity) (Medical Microbiology, Subtop- 
ics 14.61-16.64). 



n, KNIUCHMICNI^ INFOFIMATION 
tificially acquired paHHive: injection of anti- 
body-containing Korum from another indi- 
vidual or/animal. 

Certain individuals are unable to combat 
certain infectious agents becauHo they lack 
either humoral immunity and/or cell-medi- 
ated immunity. 

Examples of primary immunodeficiency 
iticludo the following: 

Lack of functional B lymphocytes results 
in poor humoral immunity but normal cel- 
lular imniiimity; 

Lack of functional T lymphocytes results 
in poor cellular immunity and some decrease 
in humoral immunity (where T-lymphocyte 
cooperation is involved in antigen recogni- 
tion); 

Lack of functional T lymphocytes and B 
lymphocytes results in little or no humoral 
immunity or cellular immunity. 

As a rule, the immune system may de- 
crease in function with advanced age. 

Hypersensitivities can be experimentally 
shown in laboratory animals, e.g., anaplnaxis 
and graft rejection. 

In cases of immediate hypersensitivity or 
allergy, the production of antibodies against 
antigens causes more damage to the host 
than good. Reactions of this type can be 
observed within minutes to hours after ex- 
posure to allergens. 

There are three mechanisms of immedi- 
ate hypersensitivity: (i) IgE mediated (ana- 
phylactic type of type I), (ii) antibody-de- 
pendent cytotoxicity (type II), (iii) immune 
complex mediated (type III), 

In type I, antigen-antibody reactions 
bring about the massive release of histamine 
and related substances which trigger inflam- 
mation as well as cause the constriction of 
smooth muscles in veins, arteries, and bron- 
chioles; hence, inmiediate injections of anti- 
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A. ICaslilNTlAL INTOUMATION 
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n. lONIUGIIMlONT INFOIIMATION 
hlHtuminuH inny bo necoHHury to ulloviate the 
HymptoiuH of the hypornanHitlvo ronotlon. 

Typo I hyporHoiiHitlvity roactionn may bu 
induced by tho Inhalntlon of ragwuo<l pollen 
or the ingention of curtain foodH. TIioho Bub- 
fltanco/ react with IglS molcculua atjiachcd 
to maHt ccIIh in the tlaauoa or to buaophila in 
the blood«troam» and thereby brin| about 
the Byn^ptomB of allergy, U 

'^Allergy shota" are adininiatorod to al- 
lergic individunia to stimulate production of 
Hpecific antibody (IgG) in their senim. IgG 
antibody neutralizes the allergen and is 
given little or no opportunity for contact 
with the mast cell-attached IgE. 

Diagnostic sHin tests such as those used 
as a presumptive test for tuberculosis ore 
based on delayed hypersensitivity. . 

Delayed hypersensitivity (type IV) does 
not involve circulating antibodies (the some 
mechanism as cellular immunity). Re- 
sponses ore usually seen within hours to 
days after exposure to allergens. 



0, PllACTlOAL AOTIVrril^H 



r 



23.5 Diagnostic Testing 



Various diagnostic procedures are used 
widely to demonstrate the presence of both 
antigetis and antibodies in body fluids and/ 
or tissues. The results of such tests are of 
medical (clinical) importance to the identi- 
fication of infectious agents^ some chemicals, 
and various cellular antigens or their corre- 
sponding antibodies. In all (diagnostic im- 
munological tests, the identity of one com- 
ponent, antigen or antibody, is known. 



23.51 Identification of Anti- An unknown antigen can be identified or / 
gens typed by means of known antibody. p 

23.52 Identification of Anti- The presence or absence of .antibody and 
body the titer (level) of antibody can be deter- 
mined by employing a known antigen-anti- 
body reaction. (Medical Microbiology, Sub- 
topics 20.2-20.23). 
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A. IWIilN'riAI. INKOItMATlON 
A wid^ I'HnUi) of (MMtM uiul vnilnllouM ot 
Wmv^ taHtH t^xlHi to (|i)(i)oi upiiolfio aiUi^tMiH 
or nuilhodluH In HpyiiiuuMiH, Thi^MM liu^hidy 
HHHlutliuUlon, pnuripliuiloHt linnuiuollvioiim^ 
cont-aiUibody to()l)nl(|uuH, nulioiuununoaH^ 
Huy (HI A), i)U'/ynu)*llnl(i)(l Innuunoalmorhout 
UHHuy (id JHA), Mn hmiH, (Modloal Ml^ 
oiohlolony, HuhtopUm 2(),ai-2(K4). 



II lilNllUHIMItlNT INKOKMA'IWN 



a i»UA(rrioAi. AdTivrriiiiH 



2jM) l«'|iltluiuiuloKy iiiul In- 

24. 1 i'rinolpUm of Kpldoiulol^ 



24,2 Mode of* Transmission 




1j3 



lOplduiulology 1h a branch of Hclonru tluil 
doalH wlth^thu caviHUH of dlHuaHO and with tlio 
factorH that iufluuncu thu dlHtrlbutlon of dln- 
oaHU-produciuH HKuntH within populationH. 



For a pathogen to cause a disease^ it must 
travel from habitats in a given reservoir, be 
transported to a susceptible host, and colo- 



Kacloi'H that inlluunco titu diHtributlon of 
dlHoaHo-produoing aguntH (pathoKormtwithin 
a population include chauKOH in tho immu- 
nity HtatUH, agu profile, and vuctor charac- 
turiHticH of thu hoHt population. 

Kpiduniiological HtudiuB aHaociatod with 
infuctiouH diHcaHca include portal of entry 
and exit, Hurvival rate outal^de of hoBt, carrier 
Htato, microbial .population invasivonesH, 
toxin production, phiHmid transfer, and host 
population. The interaction of host and par- 
aaito populations, geographical distribution, 
prevalence of disease, seasonal distribution, 
etc, also are significant. 

The suspected causative agent of an in- 
fectious disease must be isolated and iden- 
tiHed by laboratory tests or incriminated 
strongly by specific symptoms of infected 
individuals. 

The presence of appropriate vehicles such 
as fomites and/or vectors in the environ- 
ment will (enhance the distribution of path- 
ogens. Three interconnected factors, host, 
agent, environment determine the severity 
of epidemics caused by microorganisms. 

A successful pathogen may produce dis- 
ease, but usually does not kill the host. 



Infected animals, humans, and contami- 
nated objects may serve as reservoirs of 
disease-causing agents. 
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A. ESSENTIAL INFORMATION 
nize or exhibit its virulence within a new 
host. 



B. ENRICHMENT INFORMATION 

Infectious agents may be transmitted to 
susceptible ^osts by direct contact or by 
vectors such as arthropods. 

Cysts and spores of microbial pathogens 
enable infectious agents to siirvive adverse 
conditions that. would be destructive to veg- 
etative cells during dispersal from reservoir 
to susceptible host. 

Bacterial endospores are more resistant 
to de«[p*uction by antifnicrobial agents than 
are vegetative cells. 

Protozoan cysts, such as those of Giardia 
lamblia, are not destroyed by chlorine at 
concentrations used in municipal water pu- 
rification facilities. 

The environmental conditions associated 
with a susceptible host influence the manner 
in which the disease agent interac% with 
host tissues. 



24.21 



Direct and Indirect Con- 
tart 



Processes that involve the transmission of 
microorganisms include two broad groups of 
mechanisms, namely, direct contact and in- 
direct contact. 



Direct transmission involves events such 
as biting, licking, kissing, and those which 
involve an exchange of mucus secretions be- 
twefen an infected person or animal and a 
susceptible host. 

Infectious agents are transmitted to sus- 
ceptible individuals by mechanical and bio- 
logical means. 

Mechanical means include contact with 
contaminated inanimate objects (fomites), 
nuclei of mucus and saliva, water, air, soil, 
food, dairy products, sewage, etc. (indirect 
transmission). 

A nosocomial infection (hospital-acquired 
infection) is a good example of contact trans- 
mission of a pathogenic agent. Here as well 
in other situations, the agent may be ac- 
quired from air, /ood, or contaminated ap- 
paratus or directly from infected individucJs. 

Biological means of disease transmission 
involve living vectors that transmit patho- 
gens directly from one susceptible host to 
another. 

Certain infectious diseases primarily as- 
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A. ESSENTIAL INFORMATION 



B. ENRICHMENT INFORMATION 
sociated with lower animals may be trans- 
mitted to humans by a variety of vectors 
(mosquitoes, ticks, fleas, etc.). Such diseases 
are examples of zoonoses. s 
A portal of entry to the body will often 
determine the nature and severity of a dis- 
ease. 

Syphilis may be acquired through sexual 
contact with^an asymptomatic individual 
having a symptomatic or asymtomatic form 
of the disease (direct contactiransmission). 
Diphtheria may be acc^uired by inhaling 
droplets (nuclei of mucous secretion droplets 
containing virulent infectious agents) ex- 
pelled into the air, through sneezing or 
coughing, etc. (indirect contact transmis- 
sion). 

Rabies is most frequently spread to hu- 
mans and other mammals by the bite or the 
saliva of an infected animal. 



C, PRACTICAL ACTIVITIES 



24.3 Representative (Infec- 
tious) Microbial Agents 



Pathogenic agents have varying abilities 
to injure body tissues and/or alter body 
functions bv a variety of mechanisms. 



Virulence factors include: adherence to 
host cells; tissue affinity (certain microor- 
ganisms have a particular affinity for certain 
cells and tissues which they may injure or 
destroy); toxic factors; the production of exo- 
or endotoxins or both (exotoxins as a rule 
are more detrimental to the host than endo- 
toxins); enzymic and other factors contrib- 
uting to virulence (e.g., production of hya 
luronidase [spreading factor], lecithinase 
[alpha-toxin, which destroys red blood 
cells], coUagenase [destroys collagen]; coag- 
Ulase [clotting factor]; fibrinolysin [strepto- 
kinase, dissolves human fibrin]; leukocidin 
[kills leukocytes in vitro]; hemolysin [liber- 
ates hemoglobin from red blood cells]); and 
capsular material (encapsulated strains of 
certain bacteria are pathogenic, whereas 
noncapsulated sfcraina are nonenpathogenic, 
but there are exceptions) 



( 



24.31 



Infectious States and In- Infectious diseases are caused by patho- 
toxications gens from the following microbial groups: 



Many pathogens have a rather specific 
host range. 
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A. ESSENTIA^ INFORMATION 
bacteria, fungi, protozoans, viruses, and the 
multicellular worms or helminths. Some mi- 
crobes such as algae and certain bacteria 
cause noninfectious diseases states such as 
poisonings (intoxications). 



24.4 Control Measures 



infectious diseases are controlled by pro- 
cesses that involve one or a combination of 
the following: chemotherapy, prophylactic^ 
immunization (passive measures), and envi- 
ronmental sanitation. 



ERIC 



ENRICHMENT INFORMATION 
Certain bacteria, fungi, and viruses may 
be capable of infecting more than one kind 
of animal host. ^ 

As a rule, most plant pathogens are non- 
pathoge^c to animals and vice versa. 

Bacteria, algae, and'fungi share a similar 
molecular basis of disease, i.e., produce tox- 
ins and enzymes causing injury to the cells 
or tissues. 

Gonorrhoea caused by Neisseria gonor- 
rhoeae and syphilis {Treponema pallidum) 
are examples of bacterial diseases. 

Histoplasmosis (caused by Histoplasma 
capsulatum), and coccidiomycosis {Cocci 
dioides immitis) are examples of systemic 
mycoses or deep-seated fungal diseases. 

Protozoans may invade the body cells and 
tissues, multiply within them, and cause de- 
struction of cells and tissues, which may 
result in a variety of diseases. 

Malaria (caused by Plasmodium vivax) 
and amoebic dysentery {Entamoeba histo 
lytica infection) are examples of protozoan 
diseases. 

Hepatitis (caused by type A and type B 
viruses) and German measles (caused by 
rubella virus) are examples of viral diseases. 

Trichinosis or pork roundworm (caused 
by Trichinella spiralis) and infection with 
tapeworms {Taenia saginata, beef tape- 
worm; T solium, pork tapeworm) are ex- 
amples of helminth infections 

Prophylactic measures may involve im- 
munization or the administration of chemo- 
therapeutic agents in certain extreme cases. 

Many viral diseases are controlled by ex- 
tensive immunization programs (poliomyeli- 
tis, influenza, measles, mumps). Smallpox 
has been eradicated by means of a massive 
immunization campaign. 

DPT vaccines are administered to chil- 
dren to protect them from diphtheria, 
whooping cough, and tetanus. 
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Those infectious diseases requiring a spe-*^ 
cipc vector may be controlled by the eradi- 
cation of the vector (yellow fever, malaria* 
plague, etc.). 

Antiseptics are used to reduce the number 
of pathogens on host tissues, and disinfec- 
tants are used to remove and destroy path- 
ogens on inanimate materials. 

Some diseases are controlled by chemo- 
therapy and the detection and treatment of 
carriers since immunization against such dis- 
eases is ineffective, e.g., syphilis and gonor- 
rhoea. 

Certain viral diseases are controlled by 
the elirrfination of carriers and prophylactic 
immunization (rabies), whereas some animal 
diseases are controlled by the elimination of 
diseased individuals as well as carriers (foot 
and mouth disease). 

Typhoid fever, for example, is largely con- 
trolled by good environmental sanitation, 
whereas poliomyelitis is controlled by im- 
munization and environmental sanitation. 
Diphtheria may be controlled by prophylac- 
tic immunization and improved environmen- 
tal sanitation. 

Postinfection measures may involve dif- 
ferent forms of immunizatigfi\iaterials, the 
use of chemotherapeutic agents, and im- 
provements in environmental sanitation. 
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Environmental 
Microbiology 

Sanitation Microbiology 



Microorganisms are an integral part of 
air, water, and solid waste pollution. Micro- 
organisms are ubiquitous. Polluted air, wa- 
ter, and land almost always contain numer- 
ous types of organisms. Some of these orga- 
nisms are pathogenic to plants and to ani- 
mals, whereas others are saprophytes in- 
volved in decomposition of pollutants. 

Taber, W. A. 1976. Wastewater micro- 
biology. Annu. Rev. Microbiol. 30:263-277. 



ERIC 



Most airborne bacteria are transient, i.e., 
no bacteria use air as a habitat. Likewise, 
solid waste may contain a heterogeneous 
group of organisms, whereas water or waste- 
water may contain indigenous as well as 
transient populations of organisms. 

Increased organic loading of lakes, 
streams, and estuaries has taxed the natural 
system to recycle the waste material, result- 
ing in pollution. Water pollution can be de- 
tected by indicator species (i.e., coliforms) 
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A. ESSENTIAL INFORMATION 



Microorganisms serve a vital function in 
the elimination of some environmental pol- 
lutants from air, water, and land. 

Crites. R. W., and C. G. Pound. 1976. 
Land treatment of municipal wastewater. 
Environ. Sci. Technol. 10:548-551. 



B. ENRICHMENT INFORMATION 
and other biological and chemical tests, i.e., 
biochemical oxygen demand (BOD) and 
chemical oxygen demand (COD)» 

Open dumping of solid waste in a com- 
munity is an open invitation to the spread 
of disease by flies and rats. Solid waste, 
which may be constituted of fibers, metals, 
and animal and human wastes, may contain 
a number of pathogens. Improperly disposed 
liquid or solid wastes may produce not only 
f a health hazard but undesirable odors from 
decomposition as well. Decomposition of 
buried waste (sanitary landfill) involves ah- 
aerobic microbial activity. Properly buried 
material is slowly decomposed to various 
compounds -or elements and recycled into 
the environment without causing undue 
harm. 

Microorganisms play an indispensible role 
in the decomposition of organic materials 
found in source water (water for drinking 
purposes). Pathogenic bacteria are elimi- 
nated by chlorination or ozonation after 
physical-chemical treatment. 



Microorganisms are present at all depths 
in the aquatic environment. No natural 
aquatic environment is devoid of oj^glffiisms. 
Many such microbes are introduced by air 
or soil, from surrounding environment, or by 
human activity. 




Microorganisms are principal agents in 
biological wastewater treatment (trickling 
filters, activated sludge processes). The or- 
ganisms stabilize noxious material as well as 
material which may fertilize receiving bodies 
of water. Pathogenic organisms are de- 
stroyed before water is discharged into re- 
ceiving bodies by various disinfection pro- 
cesses, e.g., chlorination, ozonation, etc. 

Microorganisms may be dLstributed in all 
parts of a lake. 

The littoral zone (along the shore with 
good light penetration to the bottom) har- 
bors more bacteria per milliliter than other 
parts of the fake because the nutrient con- 
centration is higher. 

In**theliHmetic zone (open area: depth 
anii-ttirbidity determine the amount of light 
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penetration), the largest population of mi- 
croorganisms is found in the top centimeters, 
and it supports both autotrophic and hVjter- 
otrophic organisms. 

In the profunal zon^(deeper regions of 
open water) the population of microorga- 
nisms is smallest. 

The benthic zone (bottom area: little or 
no light, a zone of decomposition) harbors 
large numbers of microflora and -fauna. 
Many are anaerobic, active decomposers of 
the sedimented organic material. 

Aquatic microorganisms may be divided 
into three groups: 

(i) Planktonic (floating and drifting or- 
ganisms, mostly algae [phytoplanktonj and 
protozoans [zooplankton]), 

(ii) Nektonic (swimming organisms). 

(iii) Benthic (bottom swellers). 
Indigenous microorganisms may be pho- 

tosynthetic, chemoautotrophic, or chemoor- 
ganotrophic. 

Hot springs may contain thermophilic or- 
ganisms able to tolerate a temperature as 
high as 90°C. 
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Food Chains 



Micoorganisms form the t)asis of activities 
such as food chains and decomposition cy- 
cles within aquatic environments. 



Photosynthetic microorganisms (blue- 
green bacteria and others) may function as 
primary producers in the food chain, 
whereas other microorganisms serve as de- 
composers within the aquatic environment. 

The components of a pond food chain 
include: primary producer (plankton algae) 
— ♦ primary consumer species (minnows or 
small fry of larger fish) — ► secondary con- 
sumer species (bluegill or catfish) — ♦ tertiary 
consumer ftpecies (bass or pike) — ♦ dead 
plants and animals attacked by decomposers 
(bacteria and aquatic fungi). 



25.3 Soil Microbiology The soil serves as a major habitat for The soil contains water and minerals, in Laboratory techniques may be used to 

many autotrophic and heterotrophic micro- addition to organic material from the re- determine microbial numbers within soil. 
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organisms. Soils are* formed as a result of 
geological and biological processes. 
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Microbial Activities 



Soil microorganisms play an essential role 
in the recycling of nutrients. 



B. ENRICHMENT INFORMATION 
mains of dead plants,, animals, insects, and 
humus. It is a dynamic habitat, a constantly 
changing microbial population . 

Distribution and function of soil micro- 
organisms: 

(i) Bacteria and other microorganisms 
degrade jpomplex organic compounds in the 
rhizosphere. , 

(ii) Fungi serve ass^ctiv^ decomposers, 
major "crumb'* formers. 

(iii) Algae fix carbon dioxide and contrib- 
ute to soil fertility. 

(iv) Protozoans are the prime predators. 

The soil harbors many different nutri- 
tional types of microorganisms. Some are 
photoautotrophs, some are chemolitho- 
trophs, and the great majority are chemoor- 
ganotrophic saprophytes. Some exist syin- 
biotically, whereas others exist in a free-liv- 
in| state. 

Both autotrophs and heterotrophs in soil 
serve as biogeochemical agents for the min- 
eralization of organic C, N, S, P, and other 
compounds 

Metabouc activities microorganisms in- 
clude the following. 

Transformations of nitrogen: organic ni- 
trogen ^ ammonia — ♦ nitrites — ♦ nitrates. 

Transformations of sulfur sulfates -> hy- 
drogen sulfide— ► elemental sulfur sulfates 
— > organic sulfur — > 1^'drogen sulfide. 

Transformations of carbon: carbon diox- 
ide — * organic carbon — * carbon dioxide. 
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Microorganisms are used in the manufac- 
ture of various foods, vitamins, drugs, and 
chemicals. 

Ryther, J. H., and J. C. Goldman. 1975. 
Microbes as food in maricultures. Annu. 
Rev. Microbiol. 29:429-443. 



A special strain of yeast is used in prepa- 
ration of dough to produce CO2, which 
causes the dough to rise. 

Sauerkrauts pickles, sausage, and other 
fermented - foods are produced by special 
kinds of bacteria which are able to tolerate 
high osmotic environments and to produce 
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Various foods may be used to demon- 
st^-ate microbial processes. Microorganisms 
are used in bakeries and other food indus- 
tries for the preparation of sausage, sauer- 
kraut, and pickles. 
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icroorganisms are used in the food in- 
to enhance the taste, flavor, texture. 
riuCritive value^f foods. < 



26.12 Spoilage Organisms^ 



lyiicrbprganisms also are capable of food 



/ 



' B. ENRICHMENT INFORMATION 
^ large amounts of lactic acid and other flavor- 
enhancing products. Lactic acid produced 
by the organisms serves as a food preserva- 
tive. j^T, 

Single-cell microorganisms jare used as 
sources of protein supplementii-in food for 
domestic animals. The raw materials used 
for microbial cultivation are generally waste 
products such as spent paper mill water 
(sulfite liquor) or whey, blancliing Water, etc. 
These microorganisms decompose and' sta- 
bilize wa^es and serve as a source of protein. 

Microorganisms impart specific or unique 
taste, flavor, and texture to food, but they 
also increase its digestability and nutritiv^(|^^ 
value. %' 

A gram of yeast cells may provide not 
only protein but almost all essential vitamins 
and growth factors for animals, includ^ 
humans. v'^ 

In food ^microbiology, time, money, and 
effort are spent in protecting food from mi- 
crobial spoilage and elimination of patho- 
gens. ' V ^ 

Some of the methods used in protecting' 
food from spoilage include: aseptic handling 
of food, pfasteurization, boiling and ^team 
sterilization] low temperature (refrigeration, 
freezing), dehydration, increasing o3motic 
pressure (concentrated sugar oy ,salt), pres- 
ence of preservative chemicals (org^c acids 
pro4uced frohj/;tetmentation and ^arip\ifi 
products formed during smoking), and radia- 
tion (ultraviolet and ionizing). 

Because foods are handled by many peo- 
ple, they are subject to contamination with 
a variety of pathogens and frequently cause 
outbreaks of food poisqning and food asso- 
ciated infections. - 
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Dairy Micro&iology 
1 • V 



, The preparation of/butter, cheeses, aod 
fiermented ^ilk pj odu(cts such as buttermilk 

9 Introductory Microbiology 
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Bacteria which' produce large*amounts of 
lactic acid (strains of Lactobacillus and 
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Arof^and taste of^eshly baited bread 
are attributed to the activities of yeast cells. 
The flavor of fermented fo^ods is dbe to the 
products of bacterial metabolism. 



Perishable foods such as fresh fruit, veg- 
etables, fish, poultry, an* meat Eventually 
decompose when they are left at room tem- 
perature. Such foods can b^s shown to con- tj^* 
tain a wide variety and l^ge numbers of^^* 
bacteria. 
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and yogurt depend on the metabolic acti\ 
ties of particular microorganisms. 



26.3 



Industrial Application of 
Microorganisms 



Midi'bdfganisms are utilized in the pra- 
duction^of alcohols, amino acids, antibiotics, 
enzymes, hormones, vitamins, vaccines, arid 
other commercially important products. 

Kleyn, J., and J. Hough. 1971. The 
microbiology of brewing. Annu. Rev. Miciro- 
bial..25:583-608. 



27.0 The Future of Micro- 
biology 

27.1 ' Genetic Engineering • 

f ' 
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obtain * 
netic en 
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iation of genetic material to 
reWts is referred to as ge- 
ig. Genetic engineering can 



B. ENl^CHMENT INFORMATION 
Streptococ^a) are used as starter cultures 
for raarty/f^hnented milk products. Cheeses, 
butt^, flciur cream, buttermilk, acidophilus 
milk, yojjiirt, kefir, and kumiss are produced 
. by fermoptation of milk. Special bacteria 
and fui^lfi^^ore used in the manufacture of 
milk a^d d[airy prpducta. 

RipeirlJ^g of sbnie cheeses depends on spe- 
cific kinds dif bacteria, whereas other cheeses 
require molds, e.g., bleu cheese, roquefort, 
^etc. 

Fermented milk and milk products have 
a longer keeping quality than raw milk, since 
thpy contain a variety of organic acids pro- 
duced by bacteria, 

.*i*a8teurization is used to protect the pub- 
lic from milk-borne diseases (similar to food- 
borne), such as salmonellosis, tuberculosis, 
brucellosis, and Q-fever. 

Microorganisms used industrially include 
molds, yeasts, and bacteria. ^ 

Pathogenic microorganisms and their 
products are used^tQ prepare vaccines. 

Most process^tfsing raw materials and 
microorganisms are carried out by using the 
continuous ^ culture method (chemostat) 
father tharf batch method (Microbial Phys- 
iology, SuBtopic 3.4). 

Microorganisms employed in the manu- 
facture of products are constantly improved 
by various genetic manipulations. 

Some bacteria are used in steroid conver- 
sions. 

Many industrial process^ involving mi- 
croorganisms utilize waste materials (whey, 
corn steep liquor) to manufacture useful and 
essential produol^ 

The ^Jiiity to produce certain desired 
product^antibiotics, organic acids, inter- 
feron, insulin, alcohols, etc.), the ability to 
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A. ESSENTIAL INFORjMATION , 
be a powerful tool to construct organisms 
that may have agricultural, industrial, or 
medical importance. 

4?iifjd,ally - created, jecorabinant DNA 
molegiijeb^ri^^ in bacteria such 

' as M?ii^C/t:A^ of lygher brga- 

nisim^o^ing', i*Ot^^^ insulin, interferon, and 
other useful products can be inserted ir^to 
plasmids which^ ,when introduc^.'into mi- 
croorganisms' replicate and'^pto^uce func- 
tional products. 

Some scientists are concerned that recom- 
binant DNA technology may result in un- 
expected biological hazards. 

Grobstein, C. 1977. The recombinant 
DNA debate. Sci, Am. July. 237:22-33. 



B^^ENIjUeHMENT INFORMATION . 
decompose certain materials, or the ability 
to produce toxic substances is controlled by 
genes which may be manipulated. * 




27.2 



Factors Affecting the In- Infectious diseases have become less 
cidence ,i4>f Infectious - ' prominent causes of death cmd disability in 

regions of improved sanitation and adequate 
sources of antibiotics. However, the misuse 
of antibiotics has resulted in ah increase in 
the incidence of, antibiotic-resistant micro- 



Diseases 



orgamsms. 



Applications 
World Prob- 




Microorganisms have played and will con- 
tinue to play important roles in resolving 
world -problems including environmental 
pollution and food shortages. 

Kihlberg, R. 1972. The microb 
source of food. Annu. Rev. Microc 
427-466. 



Conjugal transfer of functional 
.plasmid(s), such as toxic factors (either exo- 
or endotoxins or both) and enzymic fact6rs 
(R-factor), has created considerable prob- 
lems in chemotherapy and control of gon- 
orrhea and other assorted diseases. 

Acquisition of genes for pili (structures 
that facilitate adhesion to target tissue) or 
the ability to produce capsules may enhemce 
the virulence of such organism^. 

Microorganisms may be used as protein 
supplements, to control pests in crop pro- 
duction, to reduce or eliminate famines, to 
control water and soil pollution, and to re- 
cover, valuable products from wastes for re- 
cycling to conservp raw material. 

Single-cell microbes sai^^ yeast cells 
can be harvested^from ^'mBs!^^^ hfme 
and industry. Waste cellut|p^ay be solu- 
bilized by an enzyme produced by organisms 
which will convert it to sugar. Sugar can 
then be used to grow yeast, which can be 
' consumed by humans directly or indirectly 
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. Evolution of Microorga- 
nisms 



Genetic changes occur among member&of 
a species through modification of DNA (mu- 
tation). Mutants, either spontaneous or in- 
duced, are subject to the same selective pres- 
sure as nonmutants. Mutation results in in- 
creased physiological .versatility when mu- 
tants thrive better pr can survive better a 
particular enviroraient. 



27.41 



Causes ,ofj^P,^n^ 



Changes?' 




^ GenDtypic changes in cells also may result 
^ ,.l^jn processes such as 'conjugation, trans- 
l formati^^^and transduction. 



B. ENRICHMENT INFORMATION 

as a soured of protein and vitamins or added 
to animal feed as a supplement. 

Microorganisms, e.g., Bacillus thuringi- 
nesia and some viruses, rather than biologi- 
cally recalcitrant chemicals such ps DliT, 
have been used to control cir6p-damaging 
insects. This keeps the environment free of 
insecticides. 

Solid wastes may be composted to fertil- 
izer or soil conditioner or fermented to re- 
coyer fuel (CH4, CH3OH. CaHsOH) for home 
" an^<industnal use. 

The ecosystem (biotic and abiotic com- 
ponents) provides internal as well as exter- 
nal selective pressures. 

Most ecosystems are variable. Variation 
may be natural, induced, or brought about 
by internal or external forces. These include 
frequent changes in temperature, pH, avail- 
able water and nutrients, amount of radia- ' 
tion received, antibiotics produced, or toxic 
substances introduced by humans or by flora 
and fauna within and external to the given 
environment. Such variables may be selec- 
tive forces. 

Examples would include the following: 
bacteria endowed wi^ resistance (R) plas-' 
mids are more apt to survive in the environ- 
ment containing antibiotics; lowering the pH 
tends to favor acidttolerant organisms! 

Alteration, in ^dpomes may be mediated 
by Jy&getiic^viruses 

MaiSy bacteria We capable of conjugally 
^ transferring functional plasmids such as R 
factor t6 members of, their genus 'and to 
members of other genera. 



,at*various levels exist for 
J^rtd well-trained in the 
tKe ap^lj^cation of micro- 
biological princi))lesyand tedir^iques. 
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Micrbbiologists are emplpyed'^^i^the fol- 
lowing specialty categories: 

Agricultural; microbiology: cause-effect 
control of plant pathogens, improvement of 



C. PRACTICAL ACl^IVITIES 



0 




J 



TOPICS AND SUBTOPICS 



A. ESSENTIAL INFORMATION 



V 

27.51 



Factors Affecting 
ployment 



Em- 



Salaries and emplo3nfnent, as in other 
professions, are dependent on the level and 
extent of education, training, and experi- 
ence. .A , 



B. ENRlCWMKNT INFOUMATION 
soil forUlity, nirtogen fixation, ecto- nnd en- 
doaymbihfliffi^etcj 

Aquatic^iutrnarine microbiology: micro- 
bial ecologVrelationship of organisms to 
other organiama or flora and fauna and to 
abiotic components (^eneficial-dotrimental 
effect), and pc^IiutAon cohtroL 

Food micxt)blology: preservation of food 
(prevent spoilage); storage; improvement in 
nutritional value, aroma, flavor, taste, and 
texture; quality cpntrol; food sanitation. 

Dairy microbiology: manufacture of 
cheeses and other fermented milk products, 
quality control, epidemiology of certain mi- 
crobial diseases of cows. 

Sanitary or public health microbiology: 
the study of epidemiology of food- and wa* 
ter-bome infections or diseases; maintain 
bacteriological safety of potable water and 
swimming pools; and examination of effluent 
froin wastewater treatment. 

Medical microbiology: epidemiology, 
pathogenesis, immunology, chemotherapy, 
and diagnostic microbiology. 

Industrial microbiology: search for and 
development of antimicrobial agents, pro- 
duction of biocheimcals, and vaccines, and 
recombinant DNA^ppHcations. 
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TOPICS AND SUBTOPICS 
1.0 Survey of the Biolog- 

^al yVorld 
LI T^Monomy 




1.2 ClaAsiflcation 



1,3 



1.4 



1.41 



1.42 




Nomenclature 



1.31 Genus and Species 



1.32 Names of Organisms 



The Five-Kingdom Ap- 
proach to Classification 
(Other Approaches Ex- 
ist) . 



Animals 



Plants 



A. ESSENTIAL INFORMATION 



Biological classification or taxonomy is 
the systematic arrangement of organisms 
into groups or categories called taxa accord- • 
ing to a definite scheme. 

Organisms may be classified on the basis 
of several characteristics, including mor- 
phology, staining ' reactions, physiological 
properties, chemical structure, and antigen- . 
icity. ' ■ 

Nomenclature entails the systematic and 
scientific naming of organisms. 

The scientific name of an organism con- 
' sists of genus and species (binomial system 
of nomenclature)i. A genus represents a 
group of closely related species, but a species 
represents one kincPof organism. 

The first name of an organism is the g^- 
nus, the second is the species. The first letter 
of the genus is capitalized, whereas the first 
letter of the species is not. 
-The scientific name of an organism is 
printed in italics or is underUned. 

Based on their characteristics, organisms 
may be grouped into one of the following 
five kingdoms: Animal, Plant, Fungi, Pro- 
tista, and Monera. The five kingdoms are 
differentiated primarily on the basis of mor- 
phology, motility, and mode of obtaining 
energy. 

The animal kingdom includes organisms 
that are multicellular, eucaryotic, and non-" 
photosynthetic; lack ceil walls; have tissue 
differentiation; and ingest their nutrients. 

The plant kingdom includes organisms 
that are multicellular, eucaryotic, photosyn- 
thdtic, and have tissue differentiation. 



B. ENRICHMENT INFORMATION 



C. PRACTICAL ACTIVI' 



T^ 



Both names of an organism frequently are 
descriptive, i.e., Micrococcus (a small grain) 
albus (white), a spherically shaped bacte- 
rium which produces white colonies. 



Since viruses are not cellular, th^y are not 
included in this classification scheme. 



Most animals are motile, lack cell walls, 
possess a mouth and a digestive cavity, and 
utilize t)rganic materials for food and energy. 



Most higher plants are non-motile, pos- 
sess a cell wall, and are differentiated into 
tissues, roots, stems, and leaves. Ail plants 
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* T0PIC6 AND SUBTOPICS 
1.43 Pungi 



1.44% Protiiia 




1.45 Monera 



1.5 'Viruses 



A'. ESSfiOTIAL INFORMATION 



Fungi, are non-photoaynthetic unicel- 
lular or multicellular organisms which ob- 
tain their nutrients by absorption. 

The protista consist of eucaryotic, pre- 
doq^iniantly unicellular organisms that in- 
clude |Jgae and protozoa. 

Thei,monera consist of unicellular, procar^ 
yotic organisms (all bacteria). . 

Viruses are submicroscopic obligate intra- 
cellular parasites. Since they do jl^^ have 
cellular organizati6n, they are not tonqid- 
^red true cellA,.--^ 



. B,. ENRICHMENT INFORMATION 

absorb their nutrients from their surround- 
ings. 

Most fimgi are heterotrophic (use organic 
pomppunds as sources of carbon) and are 
aerobic saprophytes. 



C. PRACTICAL ACTIVITIES 



I'- 



2.0 Microorganisms 

2.1 The Nature of Microor- 
ganisms 



2.12 Microbial Organisms^ 



2.13 Reproduction 




Microorganisms are microscopic or sub- 
microscopic fom^ .of life .and can be fixed 
(impnobilized) on glass slides and stained 
with various aniline dyes to demonstrate 
specific distinguishing structures and prop- 
erties. Compound light microscopes are used 
to observe most microorganisms in living 
and stained preparations. 

Viruses, bacteria, most fimgi, protozoa, 
and certain algae represent the five general 
forms of microorganisms. Since algae are 
seldom of medical importance^ they are not^ 
considered in medical microbiology. 



All microorganisms except viruses are ca- 
pable of reproduction eith^^ asexually and/ 
or sexually. Viruses and certain bacteria 
(rickettsia and chlamydia) must grow inside 
living cells to reproduce^ 



The smallest organism that can be seen 
with the nake.d eye is approximately 0,1 nmi. 
The smallest organism that can b& seen with 
a light microscope is approximately 0.? fan. 
Bacteria are -usually in the rang& of 1 /rni. 
(One micrometer [/mi] equals 10"? meters.^ 



Microorganisms have a widfer ranjge of 
physiological ajikd biochemical potentialifiea 
than all other organisms combined. There 
are few fields of human eftileavor where 
microorganisms do not play an important 
role. Only a small percentage of microorga- 
nisms are capable of growing or surviving on 
or in the human body. 

Asexual reproduction involves replication 
of ^chromosomal deoxyribonucleic acid 
(DNA) before division into two cells. Sexual 
reproduction of microorganisms requires 
transfer of genetic material from one cell to 
another. 



xJ -4. 
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Microscope and projection slides showing 
characteristic examples of the five forms of 
microorganisms may be studied. 



9 ' I 

TOPICS ANP 'SUBTOPICS * 
2.2 Concept of the Cell ^ 



2.3 Single-Cell Organiams 



2.4 Procaryotic and Eucar- 

yotic Microorganiami$ 

2.41 , Procaryotes ^ 



2.42 Eucaryotes 



2.5 



3.0 



3.1 



ERIC 



Viruses 



Microscopy and 

Stains 

Microscope 



Types of Microscopes 
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7 



, A, ESSENTIAL INFORMATION / 

T^e^ell ia the Basic structural unit of life^ 
and i&composed of: cell wall (if present), cellj, 
membrane, cytoplasm, lind tiuclear material 
(chromosomes) . - i« 



B. ENRICHMENT INFORMATION 



jor- 



Most microorganiains are unicellul^Jor 
ganisms which are capable of inda^ndent 
existence. ' 



. • -A 

There are Jwo types of cellular organiza- 
tion: procaryotic and eucaryotic^^ (Inttcrduc- 
tory Microbiology, Table 1). 

Among otiier characteristics, procaryotic 
microorga^uams^lack a i^uclear membrane 
and membrane-bound brganelles. Bacteria 
are procaryotic, whereas fungi and protozoa 
are eucar^otic. 

Among o£her characteristics, eucaryotic 
organisms possesa^^ a * deHned membrane- 
bound nucleus anck^ther organelles which 
niay be visible with a light rnicrogcope in 
stained or unstain^H preparations. 

, V^ses are not .cells since they do not 
possess a cell membrane or.iluclear material 
capable of v self replication. Viruses are, 
therefore, neither eucaryotic nor procaryotic 
(Medical Microbiology, Topic 8). ^ <^ 

A riiicroscope is a!n instrument consisting 
oj ,a^ combination of len^fs to make small 
dbjects such as microorganism^ look larger 
m order that they may be seen and studied. 
The ability to distinguish two distinct points 
as separate entities is the resolving power of 
a microscope. 



A single-celled organism is capable of 
carrying out all the processes associated with 
life N^thin one cell; these microorganisms 
are quite complex physiologically despite 
their small aiz^.' 



C. PRACTICAL ACTIVITIES 

Diagrams showing strMctural units of mi- 
croorganisms may be studied. 



Projection slides of bacteria and proto- 
zoans prepared for light and/or electron mi- 
croscopy may bevstudied to show basic struc- 
tures. • fi ■ . 



r^/^ ... 

Eucaryotic microorganisms are structur- 
ally. more complex than procaryotic orga- 
nisms. 



There are many type^ of microscopes. The 
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Diagrams of bacteria and proto'zdans may 
be studied to demonstrate cell structure. 



The ability to §ee microorganisms with 
the^d of a n^croscope paved the way for 
the establishment of the germ theory of 
disease. \ ' 



A chart comparing relative si^es of objects 
after magnification may be studied. 



TOPICS AND aUIlTOPICfL 



^3.21 ' • Bright-Field Microscope ' 



3.22 Dark- Field ^crpscope 



Phase-Contrast' Micro- 
scope ^ 



, ^.24 Fluorescence Micro- 
scope \ 



25 Electron Microscope 

ERLC .., , 



,A, KSSKNTIAI. JNFOHMATION ' 

choicp of microficopo* depends on the nHturo 
of tho'.\|pijclnion and the information ro- 

quiredi\i! 

The iiSbst commonly used microscope to 
observe mlcroprganisnis is a bright-field mi- 
croscope which stained organisms appear 
dark against a bright background. • 

Bright-field microscopes generally mag- 
nify up tp 1.000 Umes4 The resolving power 
of a bifight-field^microscope is Q,2 fxm. 



In'dark-field microscopy, incoming light is • 
directed so that the organisms appear ligl^t^ 
in a dark background. D&rk-field microcopy 
is often useH to. observe viable organisms 
and otganisms slightly below the r.esolving 
power of a bright-field microsicope. No stains* 
are required,^ / ^ 

Phase differences occur between light' al- 
tered hyi kn object and^e unaltered back- 
ground light. Differences in thte density pr 
chemical conaposition of the organisms are 
contra^d by phase variation against the 
backgroi^d. No stiiins are required. , 

• ' ^ / 

The second emission of visible light by an 

object sii-Ch as a bacterium stainfed ^with a 
fluorescent dye ?md illuminateii with light Of 
short wavelength sudfi as tdtraviplet is fluo- 
rescence. Fluorescence microscopes require 
special optics and Ufeht ^ourceq, 

Electrons produc^hdrter wavelengths 
than light. Instead of light, an. electron mi- 
Medical 



u. icnuichMknt INFOUMATION 



The parts of a bright-field microscope 
cludd the ocular (top lens system), objective 
.(lower lens system), jiiechanical stage^-cPn- 
denser, and light source. / ' • 

The magnification of fx light microscope 
may be determined by multiplying the mag- 
nification of the ocular by^that of the objec- 
tive. " ^ 

Viruses and certain bacteria cannot be 
s^^n with the aid of a biright-field microscope 
because they are smaller than the resolving 
power of the microscope. 

'Tteponema pallidum, the causative agent 
of syphilis, is usually examined under dark- 
field illufnination. 



C, IMIACTICAL ACTIVltlRS 



A bright-field microscope may bo studied 
and used by all studontjS. 

Some objects such qs stained yeast cells 
may be observed at all |he available magni- 
fications. 



A diagrkm showing the principles of dark- 
field microscopy and microscope slides of 
bacteria observed with a dark-field micro- 
scope may be studied. 



The principles of phgse microscopy dic- 
tate that when Ught passes through ^q^o- 
organisms, it emerges in different patterns 
depending on the different properties of the 
material through Which it ptoes. I^j^nal 
stnictureg of living microorganisms ^^tSd- 
ied in this mariner. 

The* identification- of certain pathogenic 
microorganisms or the presence of specific 
antibodies is ofteh' determined with the aid 
of fluorescence microscopy and spe(5^c an- 
tibody coupled to a fluorescent dye. For 
example, rabies virus may be identified in a 
rabid animal's brain tissue by use of the 
fluorescent microscope. 

Electron microscopes aid in the study o£ 
viruses and have greatly added to our un- 
Microbiology — 1 1 



Microscope slides showing internal struc- 
tures of eucaryotic niicroorganisms may be 
observed by phase-contrast microscopy. 



Projection slides showing fluorescing bac- 
teria identified by^ specific fluorescent anti- 
body may be shown. 



A diagram showing the components of an 
electron microscope along with electron mi- 
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TopicB AND fluivroriaiS 



3.a StulnH Uaod with Bright; 
Fitihl MicroucopoH 



3.3 1 Difforontial StainH 



3.311 Gram Stain 



3.312 Acid-Fast Stain 



3.313 Special Stains 



3.4 Clinical Application 




A, I588Ii)NTIAL INFOUMATION 

(iroM(U)po mm boania of olootvona projootod 
throujfh « vafiuuiii «nd foouHod by olootro- 
inaBnotH for vflowlng on a (luoroHuont acruon. 
Tho oloctron mioroacopo can roaolvo partl- 
clou 0.001 /un apart. 

Moat microorganiama are tranaparont and 
must ho atainod with dyoa boforo thoy oan 
bo soon undor tho inicroacopo. 

Cortain staining procoduros such as thy 
Gram atain and acid-fast atidn aoparato or- 
ganisms into categories, i,G,, gram-positive 
or gram-negative, acid-fast or nop-acid-fast. 
This is often the first step in identification 
of bacteria. 

The Gram stain is the naost prevalently 
used stain for bacteria. Gram-positive bac- 
teria retain - crystal violet upon de- 
colorization and appear purple. Gram-nega- 
tive bacteria do not retain crystal violet upon 
de^colorization. They are then stained red by 
a safranin counterstain. 

The acid-faat stain is primarily used to 
detect mycobacteria which retain a red dye 
<^mplex due to their high lipid content even 
after decolorizatipn with acid alcohol. 

Non-acid-<£^g|Kganisms do not retain the ^ 
complex but may be visualized after 
counterstaining. 

The staining of spores,^agella, and cap- 
sules is performed to promote visibility of 
the respective structures and to aid in cate- ^ 
gorization and identification. 

Specimens from patients are often Gram 
or acid-fast stained and observed under the 
brightfield microscope to provide the clini- 
cian with information regarding the pres- 
eiice of microorganisms, their relative con- 
centrations, and their staining reactions. 

Medical Microbiology— ^3 



(;^n, KNiuqilMl'lNT INHUMATION 
(lorHianding of tho luovpholoKy of mioroor- 
gauiaiUH. 



Many bacteriological dyoa are coal tar do- 
rivativoB known aa anilino dyoa. 



Differentiation occura bocauao of differ- 
ences in tho chemical contents of tho various 
typ^s of cells. 



Several mechanisms for the Gram reac* 
tion have been proposed; however, it is still 
poorly understood. 



The agent of tuberculosis, Mycobacterium 
tuberculosis is^ a classic example of an acid- 
fast microorganism. 



a VH\Q'V\OM ACTlVlTlKfl 
«voHra|)ha of niloroorganiaina may ho atud- 



Tho vaUio of staining may ho domon- 
atratod by examining atalnod and unatainod 
haotorial amoara. 

Gram and acid-faat ataining ahould ho per- 
formed if posalblo. Microscope alidoa or pro| J 
jection slides of stained organisms may alao 
be studied. 



Microscope slides of bacteria stained with 
special stains are available commercially 
and should be studied. 
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4.1 



MoliilMillNiirniul 
Orowili 

Oulliiliir (^(unpoHtdon 



4.2 



MotiiboliHrn 



4.21 Organic Molecules 



4.211 



Proteins 



A, li^asUNTIAI. INKOIIMATION 
\m\\i nnd mnniiH^Hniint of (hi) pHiltntiM, 



All lIvlhK tltluKH, InohidluH nilon^orHO^ 
uIhiuh, rtro (lonipoHod of protoplaiim, Tli« 
1 (M)nunon (^hoiifii^al oleiuuutH cnrhon (C), ox- 
^ygou (0^, hydyogoii (U), niul nliiOKiui (N), 
(M)tnp()N4) about (H)% of protopliimu. ^VUmo 
dm\\Uu\\ oluntontH avo nrrangod into (lorn- 
pli}X orKHulc molociiloH micli iih protuiuH, car- 
l)ohy(lratW» lipUlH, nnd nuololc acidH, which 
aro hucoHHary- for tho inlcroorKanlmn to livo 
and reproduce. A baHlc knowledge of celhdar 
compoHition and metabollHm 1h necenHury to 
underatand the concepts of medical micro- 
biology 

Metabolism is the sum of al^the chemical 
reactions occurring withtn an organism. 
' They involve a breakdown of large organic 
molecules into simpler ones (catabolism) 
with the liberation of] energy necessary for 
the organism's activities and the build-up of 
simpU^^olecules to (iomplex ones (anabo- 
lisnT) necessary for the Organism to carry out 
these activities. 

All living ma teriabcon tains organic mole^ 
cules. All organic molecules contain carbon 
(Microbial Physiology, Topic 1). 

Proteins are very large complex organic 
compounds composed of numerous small 
molecules called amino acids. Proteins are 
important as enzymes and as structural ele- 
ments of cells. 



li ItlNUlOUMIilNT INI'HlHMA'riON 



0 PKAt^TlUAI. A('TIVITl|t]H 



4.212 Carbohydrates (Sugars)^ 



ERIC 



I'JJ 



The breakdown of moleculcH docH not pn)- 
duce energy but transforms it from one form 
to another ^ 



There are about 20 different amino acids. 
Thousands of amino acid molecules may. be - 
combined to make proteins. 



Carbohydrates are compounds that Qon- 
tain only carbon, hydrogen, and oxygen. 
They may be small molecules (monosaccha- 
rides) or large complex molecules (polysac- 
charides) used as structural elements of the 
cell or as a stored energy source. 
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TOPICS AND SUBTOPICS 

4.213 Lipids (Fats and Related 
. Compounds) * 



4.2 14 * Nucleic Acids 



4.3 Hfeterotrophs 



4,4 Enzymes 



4.41 Exoenzymes 



4.5 Small Molecules 
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A. ESSENTIAL INFORMATION 

Lip^ are composed of carbon, hydrogen, 
and oxygen but also may contain other ele^ 
ments such as phosphorus and nitrogen. 
They are insoluble in water and are impor- 
tant in intermediary metabolism and in 
structural elements such as the cell mem- 
brane. 

Nucleic acids EU'e compounds that play a 
major role in the transmfeslon of hereditary 
traits, in the control of cell functions, and in 
the synthesis of proteins. 

Heterotrophic organisms obtain their car- 
bon requirements from organic molecules. 
Heterotrophs use organic molecules both as 
a source of carbon -and as a source of energy. 
Pathogenic microorganisms are hetero- 
trophs as are most animals. Many nonpath- 
ogenic microorganisms obtain their carbon 
from carbon dioxide (CO2). These organisms 
£U*e autotrophic as are plants. 

The transformation of energy necessary in 
catabolism and anabolism is carried out in 
part by enzymes. Enzymes are organic 
catalysts, i.e., substances which in minute 
amounts promote chemical changes without 
being used up in the reactions. A substrate 
is the substance, e.g., an organic molecule, 
which is permanently altered in an enzyme- 
catalyzed reaction (Microbial Physiology, 
Topic 4). 

Many microorganisms secrete enz3mies 
into the external environment (exoenzymes) 
that split large molecules into smaller ones 
which can epter the cell. 



B. ENRICHMENT INFORMATION 



Enzymes and substrates are highly spe- 
cific for each other. Enzymes are named 
according to the type of reaction catalyzed 
(e.g., hydrolase) or the substrate acted upon 
(e.g., protease). Certain bacteria produce en- 
zyme6 which relate directly or indirectly to 
pathogenesis. Lecithinase, the alpha toxin of 
Clostridium perfringena causes lysis of the 
host cell membranes. 



Exoenzymes hydrolyze starch to glucose 
and proteins to amino acids. Determination 
and identification of exoenzymes often aid 
in the identification of microorganisms. 
Many bacterial virulence factors, including 
toxins, are exoenzymes. 



Small molecules for anabotism are ob- 
tained from catabotism and from outside the 
cell. Small molecules outside the cell may be 
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* TOPICS AND SUBTOPICS 



Metabolic Pathways 



A. ESSENTIAL INFORMATION f 

^ passively (diffusion) or actively transported 
inside the cell by enzyme -catalyzed reac- 
tions. 

A particular series of stepwise chemical 
reactions resulting in a given end product or 
products is called a metabolic pathway. Glu- ^ 
cose is a simple 6 carbon sugar used as ap^ 
energy source by many microorganisms, 
since it is widely distributed in nature and is 
a part of many larger molecules. The brefik- 
down of glucose into smaUer molecujies by 
various metabolic pathways is a m^jor en- 
ergy source and produces smaUer inolecules 
as by-products (Microbial Physiology, Sub- 
topics 5.2 and 5.3). 



B. ENRICHMENT INFORMATION 



.61 



ATP 



.7 



Fermentation and Res- 
piration 



Adenosine triphosphate (ATP) is a mole- 
cule which is important in energy transfer. 
ATP is formed from adenosine diphosphate 
(ADP) as a result of catabolic reactions. 
Energy is released by breaking the high en- 
ergy bond of ATP (ATP ADP + Pi). 
Such energy is available for biosynthesis and 
other energy-requiring reactions. 

Fermentatiori and respiration are the two 
basic catabolic schemes found in microor- 
ganisms. Fermentation involves energy pro- 
duction without the use of molecular oxygen, 
whereas respiration requires itl Fermenters 
are diyided into organisms wfilch cannot 
tolerate the presence of molecular oxygen 
(anaerobes) and those which can (facultative 
anaerobes) (Microbial Physiology, Subtop- 
ics 5.2 and 5.21). 



Organisms which use molecular oxygen in 
respiration are more energy efficient and 
produce more molecules of ATP per mole- 
cule of glucose catabolized. Therefore^ they 
usually have shprter generation times. The 
determination of an organism's catabolic 
scheme and the end products of the scheme 
are used in the identification of microorga- 
nisms. 



1.8 



Quantitation 
organisms 



2-. 



;3 



of Micro- In the clinical laboratory, it is often im- 
portant to kn^ the amount (number of 
organisms per milliliter) of a given organism 
or the percentage of a given organism in a 
mixed population. Microorganisms may be 
quantitated by several means; however, in 
the clinical bacteriology laboratory, count- 
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Abnormal amounts or increased percent- 
ages of an organism may indicate a disease 
state, e.g., greater than 10^ bacteria per ml 
of urine generally indicates disease. 



TOPICS AND SUBTOPICS 



4,81 Generation Time 



A. ESSENTIAL INFORMATION 
g, wliich determines, the numberJrf'^viable 
l|>acteria, is generally used. 

Although growth refers to an increase in 
the volume of protoplasm, with microorga-* 
nisms it generally refers to an increase in 
cell numbers (reproduction). The average 
time needed for one microorganism divide 
into two is its generation time, e.g., Esche- 
richia coli minutes, enabling large pop- 
ulations of cells to be produced in d ishort 
time (Slicrobial Physiology, Topic 3 and^ 
Microbial Genetics, Subtopic 1.2). 



B. ENRICHMENT INFORMATION 



^ The ability of pathogenic microorganisms 
to rapidly reproduce enables tl^^m to colo- 
nize a host and produce disease ih relatively 
short periods of time, 

0 ,In nature^ growth of microorganisms is 
slowed due to the accumulation of their own 
waste materials, -depletion of nutrients, and 
their inability to adjust^to changes in envi- 
ronment. The growth of pathogenic micro- 
organisms in a host is also slowed by the 
host's defense mechanisms. 



C. PRACTICAL ACTIVITIES 

\ 
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4.9. Media 
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4.91 Uses of Media 



4.92 Agar 



4.93 



Complex and Synthetic 
Media 
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To study microorganisms such as bacteria 
in the laboratory, nutrients and environment 
must be provided which are conducive to 
growth and reproduction. "Medium" is a 
general term used to denote nutrient mate- 
rials used for the culture of microorganisms. 
The proper temperature, pH, oxygen ten- 
sion, and other environmental factors-must 
also be provided to insure growth.* 

■ Media may be used for isolation, identifi- 
cation, and main^ance of microorganisms. 
Media may be liquid, solid, or semi-solid. 

Agar, used most frequently as a solidi^dng 
agent at 1.5 to 2.0% for media, is a polysac- 
charide obtained from, sea weed.'It produces 
a substance the consistency of gelatin. It is 
not metabolized by most bacteria, liquefies 
at 10Q°C, and solidifies at 45°C. Nutrient 
material necessary for metabolism is incor- 
porated in the agar. 

Complex media are those for which the 
chemical composition is not deHned, e.g., 
blood and milk. Media in which all the com- 
ponents are known, in kind and amount, are 
svnthetic. 



The ideal medium and environment 
should duplicate those conditions in nature 
inVhich a given microorganism thrives^Me* 
^a^niust be sterile or free from microorga- 
nisms whose development might influence 
or prevent the normal growth and metabo- 
lism of the inoculated type. Sterilizatiqh of 
media is usually by means of aytoclaving or 
in certain cases by filtration. 



Agar plates, i.e., agfir medium' in a petri 
dkh, provide ideal media, for isolation of 
bacterial colonies ^nd for study of colonial 
characteristics, §uch as color, shape, size, 
and consistency. 



Growth factors are small compounds that 
Wrtain bacteria cannot synthesize and 
therefore must be added to the media. 
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Agar plates and slants mliy^e prepared as 
a laboratory exercise* Plates and slants may 
then be ipoculateji with a microorganism 
such as E. coli. ' 



2'JG 



TOPICS AND SUBTOPICS 
4.94 Differential Media 



4.95 Selective Media 



4.96 Enrichment Media 



6.0 ' Genetics 

5.1 Genetics 



5.2 Geneticedly Important 

Molecule^ 




5.31 DNA of Procaryotes 
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A. ESSENTIAL' INFOHMATION 

Differential media are used to more easily 
dete<;t colonies of ^cteria which have dis- 
tinctiv^^«roperties such as' hemolysis of 
blood, gas production, or acid production. 



/^An ideal selective medium is one that 
inhibits the growth of all microorganisrns in 
a specimen and supports the growth of a 
desired species or other defined group. Se- 
lective media are formulated by: inclusion of 
inhibitory substances; establishing ex- 
tremes, e.g., pH and salt concentration; or 
the presence or absence of growth factors. 

An enrichment medium is one to which 
special nutrients have' been added to en- 
hance the' growth of certain microorganisms, 
e.g., blood agar. 



B. ENRICHMENT : 
A differential niediu 



^FORMATION 



C. PRACTICAL ACTIVITIES 



is one which will 
cause the colonies of a parjjcular organism 
to have a distinctiv^^|Jew:ance,'e.g., E, coli 
has a characteristic^' iyi(J^c^nt ^heen on 
EMB (eosin-methylene' blue) agar. 

h 

In clinical laboratories, media used are, 

often selective and/differential. 

y 



Many bacteria isolated from clinical spec- 
imens require/;blood or blood products and 
increased COi tei^sion. These conditions are 
more reflective of the natural environment. 



Genetics is the study of the mechanisms 
by which the information of cells is stored, 
expressed, and modified and of how this 
information is transmitted to future gener- 
ations of organisms iind to other cells in the 
population. 

The major molecules important in the 
study of genetics are deoxyribonucleic acid 
(DIvIA), ribonucleic acicKRNA), and protein 
(Microbial Genetics J^opic 2). 

DNA is a double-stranded molecule in the 
form of a double helix, each strand of which 
is a polymer of nucleotides. DNA is the 
reservoir of genetic information in a cell 
(Microbial Genetics, Subtopit 2.1). 

DNA of procaryotes is a circular molecule 
located in the cytoplasm ai^d is not sur- 
rounded by a membrane. T^iis molecule is 
called a chromosc^me and contains segments 

Medical Microbiology 



A /nucleotide consists of deoxyribose* 
sugajl", a phosphate group, and one of four 
baseig: adenine, guanine, thymine, or cyto- 
sine. 



A fully extended bacterial chromosome is 
abput 1 mm long. 



-23 



Electron micrographs may be used to il- 
lustrate the circular nature of DNA. 
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caUed^gQitelj'^^es <ietermine the charac-\ 
' teristiQa;ofc^.an(i Act as. the control units 
of all c^^^^tivity. ^ ^ 

\ DNi^^^eucaryotes is distributed into 
chr£^ri3i6^mes. A eucaryotic chromosome is 
coTn^sed of one very large DNA 'molecule, 
histoneT proteins, and other proteins. The 
'thromosomes are located in the membrane- 
bound nucleus. 

A gene is the part of the DNA molecule 
which carries the genetic in formation, for thj 
synthesis of one protein. 

The entire complement of genes in an 
organism comprises its geiM)me. 

DNA has two major functions: to dupli> 
cate itself and to code for synthesis of pro* 
tein. ' 

The two DNA strands separate. Enzymes 
catalyze the synthesis of new strands of 
DNA complementary to each of the original 
two strands. The -two new DNA molecules 
formed are identical' to the original. 

Mitosis is the separation of previously rep- 
licated chromosomes of eucaryotic cells. 

Eucaryotic cells, which have a sexual cy- 
cle^ carry out a reduction-division process 
(meiosis) which results in one diploid cell 
bec6ming four -haploid cells. Diploid cells 
: contain a pair (2n) of each chromosome, 
whereasM;>aploid cells contain half (n) the 
number of chromosomes as diploid cells. 

Procaryotic cells do not undergo mitosis 
or meiosis. The (Circular DNA is replicated, 
and ^ch cell produced by asexual cell divi- 
^sion has one DNA molecule as did the par- 
lent cell The* result is two equal daughter 



B, ENRICHMENT INFORMATION 



\The number of chromosomes found in the 
nucleus varies among eucaryotic orgtihisms. 
Human body cells contain 46 chromosomes, 
an onion has 16, but procaryotic cells havei 
only 1; 



late 



Genes code for the enzymes which regu- 
e ail the chemical reactions of the cell. 



DNA is replicated so that each daughter 
cell receives an exact copy of the genetic 
material. 

Each strand of the original molecule 
serves as a template resulting in two DNA 
molecules having one strand from the origi- 
nal DNA and one strand of newly synthe- 
sized DNA. ^ • 



Mitosis occurs in 
cella 



all animal and plant 



i 
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TOPICS AND SUBTOPICS 

5.4 RNA 

( 

5.41 RNA Synthesis 



5.42 Types of RNA 



5.5 Protein Synthesis 



'^5.51 Transcription 



5.52 Translation 



A. ESSENTIAL INFORMATION 

cells which are replicas offclj^ parent (binary 
fission) (Microbial Genetics/6ub topic 2.2). 

RNA is a single-stranded polymer of nu- 
cleotides. It differs from DNA in that thfe 
sugar ribose replaces deoxyribose and the 
base uracil replaces thymine. 

RNA molecules are enzymatically synthe- 
sized as complements to one strand of a 
particular region of DNA. RNA molecules 
are temporary and are constantly synthe- 
sized. , 

There are three'types of RNA: messenger 
RNA (mRNA); transfer RNA (tRNA); and 
ribosomal RNA (rRNA). They function at 
vfflious stages of protein synthesis. 

Grenetic information flows from DNA to 
mlRNA to protein. Each codon, a sequence 
^f three nucleotides, specifies a particular 
£lmino acid. Special codotis specify sites of 
initiation or termination of a protein (Micro- 
bial Genetics, Subtopic 2.3). * 

The mRNA molecule is synthesized as a 
complement to a gene on one strand of 
DNA. The sequence of the bases in mRNA 

/ determines the amino aTrid sequence of a 

\ protein. 

^ The mRNA molecule is decoded on the 
ribosome by the tRNA molecules carrying 
amino acids. Each tRNA attaches to a sp^ 
cific amino acid and also recognizes one spe- 
cific codon of the mRNA. The ribosome 
moves along the mRNA, resulting in the 
sequential polymerization of amino acids to 
synthesize a protein. 



B. ENraCHMENT INFORMATION 



.0. PRACTICAL-ACTIVITIES 




Each amino acid may be elided for by 
several different codons. 



A specific mRNA is a transitory molecule 
involved in the synthesis of one specific pro- 
tein or portion of a p^ptein. mRNA may be 
copied several times during the synthesis of 
a protein. / 

Several nbosQXpes may move along one 
mRNA at the same time. This results in a 
polysome, which appears as a^cluster of ri- 
bosomes on an electron microgra|>|i. 



5,6 Mutation 
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A mutation involves an inheritable change 
in the base sequence of DNA. A mutation 
may change any characteristic of a cell or 
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TOPICS AND SUBTOPICS 



5.7 Phenotypic Expression 



5.71 Mutation Rate > 



5.72 Spontaneous Mutation 

) 

5.73* ^ Mutagenic Agents 



5.74 Selection 



5.8 Transfer of DNA Be- 

tween Procaryotic Cells 



A;eSSENTIAL INFORMATION ' 

virus. There are different types of mutations 
(Microbial Genetics, Topic 4). • 

Most mutations result in the change of a 
protein. Mutations may or may not cause an 
observable change in phehotype, depending 
upon the extent or site of change. 



The frequency with which linutations oc- 
cur at specific sites on the DNA molecule is 
referred to as the mutation r9te. Mutation 
rate ekpresses the probability that a cell will 
undergo mutation at a particular gene. 

A spontaneous mutation arises without 
apparent intervention. An average value for 
frequency of spontaneous mutation per gene 
is one mutation in 10^ cells. 

Agents which interact with and modify 
JDNA and thereby increase the rate of mu- 
tation are mutagenic agents. Examples of 
mutagenic agents include irradiation, DNA 
base analogs, and certain chemicals which 
react with DNA in such a way as to change 
its chemical structure. 

Changes in the environment may give a 
mutant an advantage so that it wiD grow 
faster than the parent and replace it. The 
change in environment does not cause or 
induce mutation but selects for preexisting 
mutants. 

DNA is transferred from donor to recipi- 
ent cells by- three different mechanisms. 
Once inside the recipient cell, the donor 
DNA may recombine with the recipient 
chromosome (Microbial Genetics, Subtopic 
5.3). 



B. ENRICHMENT INFORMATION 



The foUowing are examples 6f phenotypic 
changes: structural — loss of ability to pro- 
duce a capsule; nutritional — loss gf ability, to 
synthesize an enzyme resulting in a require- 
.ment for a particular nutrient or growth 
factor; and drug or virus resistance — ^^ability 
to grow in the presence of a drug or virus 
which kiUs or inhibits growth of the parent 



^.'PRACTICAL ACTIVITIES 



An example of natural selection is the 
increased incidence of peniciUin^resistant 
Staphylococcus strains after initiation of 
peniciUin therapy in the 19408. This muta- 
tion was not induced by peniciUin, but pen- 
iciUin acted as a selective agent for preexist- 
ing mutants. 
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Antibiotic-containing media can be used 
to select antibiotic-resistant mutants in a 
population. The replica-plating technique 
can be used to demonstrate that the mutants 
were preexistent and not induced by the 
antibiotic. 
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TOPICS AND SUBTOPICS 

5.81 DNA-Mediated Trans- 
fomatibn ' 



5,82 Conjugation 



5.83 Transduction 



5.9 Plasmid 



5.91 . Plasmid Transfer 



5.92 Lysogeny 



6.0 General Charac- 
teristics of Bacteria 

6.1 Shape " f 



6.11 ' Arrangement 



A. ESSENTIAL INFORMATION 



In DNA-medlated transformation, DNA 
fragments released irom cells that lyse are 
taken up by recipient cells (Microbial Ge- 
netics, Subtopic 5.31). . f . ' 

In conjugation, the' DNA may* be trans- 
ferred by means of sex pili. The donor DNA 
fragment is transferred during the time the 
donor and recipient cells are iii contact (Mi- 
crobial Genetics, Subtopic 5.32). 

In transduction, the donor DNA is trans- 
ferred from the donor bacterium to a recip- 
ient bacterium by a bacteriophage (virus 
which infects a bacterial cell) (Microbial Ge- 
netics, Subtopic 5.33). 

A plasmid is extrachromosomal circular 
DNA which may eidst independently in the 
cytoplasm or become integrated into the 
procaryotic cell chromosome (Microbial Ge- 
netics, Subtopic 3.12). 

An entire plasmid may be transferred by 
any of the three mechanisms for DNA trans- 
fer (Microbial Genetics, Subtopic'3.34). 

Some bacterial viruses integrate their nu- 
cleic acid into the DNA of the cells they 
invade. The viral nucleic acid is replicated 
along with the bacterial DNA (Microbial 
Genetics, Subtopic 5.12). 



Most bacterial species exhit»it one of three 
general forms; cylindrical (rods or bacilli); 
spherical (coccus); or spiral (spirillum). 

Although bacteria are unicellular, the in- 
dividual cells may not separate completely 
after cell division and therefore exhibit a 
variety of cellular arrangements. Depending 
on the plane of division, cocci may be ar- 



B. ENRICHMENT INFORMATION 



C. PRACTICAL ACTIVITIEiS 



Plfqsmids may be very important in trans- 
ferring drug resistance among bacteria. 



Many plasmids have wide host ranges and 
may be transferred between different gen- 



Corynebacterium diphtheriae strains only 
cause diptheria when lysogenized by a spe- 
cific bacteriophage. Scarlet fever is caused 
by a lysogenic strain of Streptococcus py- 
ogenes. 



Cellular arrangements often aid in the 
classification and idef^dfication of bacteria. 
When bacteria are foun^in a patient's spec- 
imen, the Gram reaction, cetl\dar shape, and 
cellular arrangement are often reported to 



Microscopic slides containing stained 
preparations of bacteria having these shapes 
may be observed under the microscope. 

Typical arrangements may be observed 
under microscope using stained prepa- 
rations on microscope slides. 
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6.12 Colony 



6.2^ Surface-Associated 
\ Structures 

6.21 Capsule 



6.22 Flagellum 



6.23 Pilus 



6.24 CeU WaU 
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A, ESSENTIAL INFORMATION . 

ranged in pairs (diplocpcci), chains (strep- 
tococci), fours (tetrads), cuboidal packets 
(sarcina), or clusters (staphylococci). , Rods 
may appear singly^ form chains, line up in 
parallel (palisades), or form unusual letter 
patterns (X. Y, or Z). 

Bacteria grown oh solid culture media 
(agar) multijSly repeatedly to forrri a visible 
structure called a colony, A colony is theo- 
T0tfcally a clone of bacteria resulting from 
' the multiplication of a single organism, that 
organisip fe referred to as a colony-forming 
unit. 



Some species of bacteria are surrounded 
by a viscous layer termed ^ capsule. Cap- 
sules are important in medical microbiology 
since they aid in protecting bacteria from 
engulfment (phagocytosis) by host cells and 
thus enhance the bacteria's ability to pro- 
duce disease. 

Some bacteria produce long appendages 
called flagella which serve in locomotion. 
Flagella are composed of protein subunits 
arranged in a helix, The various arrange- 
ments in which flagella occur are useful in 
classifying certain bacteria (Microbial Phys- 
iology, Siibtopic 6.22), 

^Certain bacteria, especially freshly iso- 
lated, gram-negative rods, po^ess submi- 
croscopic appendages known as pili. They 
are thinner, shorter, and more numerous 
than flagella and are not involved in motil- 
ity. One kind of pilus (sex pilus)iis involved 
in the transfer of genetic material from one 
bacterium to another during conjugation. 

Bacteria possess a rigid cell wall which 
gives the bacteria their shape (rod, coccus. 



B, ENRICHMENT INFORMATION 
the clinician before the organism is idehti- 
fied, because they provide valuable infor- 
mation regaj'ding disease. 



Colonial morphology is often used as an 
aid in identification and classification. Col- 
onies differ in many characteristics, includ- 
ing size, shape, color, and texture. 



C. PRACTICAL ACTIVITIES 



Capsular antigens are also used for sero- 
logical identification (typing) of ^bacteria in 
the clinical laboratory (Medical Microbiol; 
ogy, Subtopic 15.212). 



The flagellar or H antigens are often used 
for serological typing of certain bacteria. 



Piliated bacteria tend to attach to other 
objects such as inert surfaces, living cell 
surfaces, and bther bacteria. 



Mycoplasmatales are the only family of 
bacteria which do not possess a cell wall. 
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Various species of bacteria streaked for 
isolation on agar media may be studied for 
colonial morphology. 



Projection slides of organisms such as 
Streptococcus pneumonia and Cryptococcus 
neoformansy specially stained to show their 
capsules, may be shown. 



Microscopic slides of specially prepared 
bacteria such as Proteus vulgarus with 
stained flagella may be observed under the 
microscope. 



Electron micrographs of organisms with 
pili may be studied. 
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•6.26 

6.261 

6.27 
6.28 



Cytoplasmic Membrane 



Mesosomes 



Cytdplasm 




Region (Nu- 



A. ESSENTIAL INFORMATION 

spiral). Gram-pQsitive bacteria have a thick 
cell wall composed almost entirely of a com- 
plex polymer called a pepti^oglycan. 

The cell wall of gram-negative bacteria is 
composed of peptidoglycan, lipopolysaccha- 
ride, and protein. Lysia of gram-negative 
bacteria releases the cell wall components, 
which are now called endotoxin, and pro- 
duce disease symptoms. 

The cytoplasmic membrane ia a thin 
semipermeable membrane immediately be- 
neath the cell wall. It regulates the passage 
of material jjetween the cell and its environ- 
ment. 

Mesosomes are internal extension^ of the 
^3rtoplasmic membrane which ore o^ociated 
with cross-cell wall formation at iM time of 
cell division. They are unique to bacteria. 

,The cytoplasm includes all the contents 
within the cell membrane. It is granular in 
appear^nc^^Oid rich in RNA and ribosomes. 

Theiuiclear region ia composed primarily * 
of DXA and carries the complete genetic 
fiation of th6 bacteria. It ia equivalent 
) nucleus of eucaryotic cells but consists ' 
only of a single circular DNA molecule 
(chromosome). 



B. ENRICHMENT INFORMATION . 

Wall-defective microbial forms (WDMF) 
are bacteria which have lost some or all of 
their cell wall. . ■ ' ' 4 

Certain antibiotics and enzymes produce 
WDMFs. Protoplasts, spheroplasts, and L 
forms are specific types of WDMFs. 



The cytoplasmic membrane is similar to 
the eucaryotic cytoplasmic membrane and 
is also called the plasma or cell membrane. 



1 



Many bacteria contain circular extrachro- 
mosomal strands of DNA called plasmida. A 
plasmid may exist independently in the cy- 
tpplaam or may become integrated into the 
chromosome. 



6.29 Endospores 



6.3 Classification 



O O 1 J 



Certain^bacteria produce highly resistant 
and refractile, thickwalled, oval bodies 
termed endospores, which enable them to 
survive harsh environments. Endospores are 
highly resistant to physical and chemical 
treatment. When the environment becomes 
favorable, each endospore yields a single 
vegetative bacterium. 

Bacteria are divided into 19 categories 
based on readily determinable criteria. This 



Endospores of certain bacteria such as the 
Clostridia are commonly found in the soil. 
Endospores of the Clostridium spp. causing 
tetanus and gas gangrene may germinate in 
dirty wounds leading to disease production. 
Xhe resulting vegetative bacteria produce 
exotoxins responsible for the disease state. 



The description of the 19 categories is 
given in Bergey 'a Manual of Determinative 
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7.0 
7.1 



^General CharactoriB- 

ticBqf Fungi 

F*ungi 



^7.11 



Importance or Rele- 
vance 



^.12 Molds and Yeasts 



7.2 Classification 



7.21 



7.22 



7.23 



j^orphological Types of 
Molds 

Molds with Nonseptate 
Hyphae (Phycomy- 
cetes)^ 

Molds with Septate Hy- 
phae i 



A. ESSKNTIAL .INFORMATION 

division avoids confusion ifn assigning orga* 
nisms to discrete classes.) 



«iy The fungi are non-iihotosynthetic eucar- 
yotic micrborganismfl having a cell wall and 
usually growing either as branching tubular 
filaments (hyphae)/which form a niat (my- 
celium) or as unrcellular yeasts. The cell size 
is larger than that of bacteria: 

Fungi may be saprophytic (living on dead 
organic material) or parasitic (living in or on 
another organism). 



Molds are fungi which produce mycelia. A 
few fungi are unicellular, oval or spherical, 
do not form true mycelia, and are called 
yeasts. 

Fungi are classified as Phycomycetes, As- 
comycetes, or Basidiomycetes on the basis 
of their type of sexual reproduction. A fourth 
group, the Deuteromycetes (Fungi Imper- 
fecti) either have no sexual stage or the 
sexual stage has not yet been found. 



Multinucleate molds without cross-walls 
that produce asexual spores in a sporangium 
ar^the Phycomycetes. 

Most molds have hyphae divided by sep- 
tae, or cross-walls, which extend in from the 
periphery of the hyphae. These include As- 
comycetes, Basidiomycetes, and Deutero- 
mycetes. 



KNRIOHMBNT INFORMATION 

Bacteriology (8th ed., Williams and Wilkins 
Co., Baltimore, 1974), which is the standard 
reference on classification of bacteria. 



Hyphae grow by elongation at their tips 
and by producing side branches. The hyphae 
may be aerial and bear sexual or asexual 
spores. or may be vegetative and extend into 
the medium to provide the mycelium, with 
nutrients and water. Yeasts reproduce by 
budding. ^ 

Saprophytic fungi are important in break- 
ing down organic materials in nature. Plant 
pathogens such as rusts and smuts are fungi. 
Other fungi may be parasites of animals 
including humans. 

* 

Molds may produce mycelia which are 
compact and tough or loose and fluffy. Yeast 
colonies usually appear as thick, moist, 
pasty-looking colonies. 

In the Phycomycetes, two compatible 
cells fuse to form a zygospore. In the Asco- 
mycetes, sexually produced spores (asco- 
spores) are contained within the ^cus. Sex- 
uaUy produced spores (basidiodpores) are 
borne in the basidium in the Basidiomy- 
cetes. 



The nonseptate (coenocytic) molds char- 
acteristically have wider hyphae and grow 
faster than other molds. 

The hole in the middle of the cross-wall 
allows nutrients, nuclei, and cell organelles 
to pass through from one cell to another. 



C. PUAOTIOAL ACTIVITIKS 
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Moldy bread or fruit, or a portion of a 
yeast cake may be examined in the labora- 
tory. 



Tube cultures of mycelial {Aspergillus) 
fungal growth can be compared with that of 
a yeast (Saccharomyces). 



Mucor or Rhizopus may easily be cul- 
tured as examples of coenocytic molds. 



Aspergillus and Penicillium may be cul- 
tured as examples of molds with septate 
hyphae. ^ 
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7»3 * UoprQcluction 



7.31 



" .f 
S|U)re8 



7.311 Conidiospores (Conidia) 



7.312 Thallospores 



7.313 Chlamydospores 



7.3 14 Sporangiospores 



7.4 



Yeast Morphology and 
Reproduction ' 




• 2 a3 3 



A. KSaiiJNTlAL INFORMATION 

MoldH roproduco mUurally by aporo for- 
mation, but in addition most parts of those 
fungi are capable of growth after being frag- 
mented. 



Asexual spores which vary greatly in' 
color, size, and shape are produced on spe- 
cialized hyphal stalks. Morphology and 
mode of origin of the asexual spores consti- 
tute the main basis for classifying fungi that 
lack sexuality. Sexual spores (hdploid cells 
from the parents) fuse to give a diploid cell. 
After meiosis haploid spores are produced 
again. 

Conidiospores (one type of asexual spore) 
which occur singly or in groups are bom 
externally at the tips or sides in a hypha 
called a conidiophore. Some species have 
two types of conidia differing in size and 
structure and are designated microconidia 
and macroconidia. 



D. KNUICHMIONT INFORMATION 

Whilo fungi are claBaified on the basis of 
their sexual aporoa, the sexual stages are 
difficult to induce, ao the deacriptioh of fungi 
is based principally upon their asexual struc- 
tures. 

If 

I Aaexual spores (6 to 20 /im) are formed m 
lo^e numbers, light-weight, easily disbursed 
into the, environment, and usually provide 
the typical color of the vnycelium. 



The dermatophytes Trichophyton, Mi- 
croaporum, and Epidermophyton are differ- 
entiated by the presence or absence and type 
of micro- and/or macroconidia (Medical 
Microbiology, Subtopic 16.3). 



Thallospores are formed by segmentation^ Coccidioides immitis produces arthro- 



of the mycelium in actively reproducing 
cells. These include arthrospores (oidia) 
which are fragmented segments of septate 
hypha e and blastospores which are pro- 
duce'B by yeast cells. 

Chlamydospores are thick-walled, en- 
larged, riesting spores formed within hyphae 
or terminal cells. Chlamydospores are more 
resistant to heat and to drying than other 
parts of the mycelium or other fungal spores. 

Sporangiospores are asexual spores borne 
internally inside a sac and are characteristic 
of the Phycomycetes. 



spores which may remain dormant in the^ 
arid countryside until the next rain activates 
them. (Medical Microbiology; Subtopic 
16.51). 



Chlamydospores are formed when grow- 
ing ^ conditions become less favorable, 
whether cultured in the laboratory or in the 
human body. ^ 

The sac readily ruptures and releases 
spores into the culture tube, or into the air. 



Yeasts are oval, spherical, or cylindrical 
unicellular organisms with rigid cell walls; 
they normally reproduce by budding. 

Medical Microbiology- 



Certain yeasts may also reproduce by fis- 
sion to yield sexual haploid yeast cells. 
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0. PRAOIIOAL AOTIVlTIEa 

Slide dulturoa may he prepared by using 
bita of mycelium as the inoculum. The com- 
mon mold Penicillium may be used. 



Conidia of Aapergillua and Penicillium 
may be studied in the laboratory. 



Geotrichum produces arthrospores which 
may be studied in^he laboratory. 



ChlamydosporejB\can be readily seen in 
most old cultures, for example with Candida 
albicans. 



\ 

Mucor or Rhizopus spores may lo& easily 
studied in slide culture. 



TOPiaS AND flUnTOIUOH 
7,41 PH«U(lohyphiu) 



7.42 .f, }. CapauloH 



7.6 



7.6 



Clflssification of Yoaats 



Dimorphism 



* A, KBSKNTIAt INFORMATION 

aomo yonfltfl mil tholr progeny under npo- 
olal (iidturnl conditionH or In tha body ailhore 
to each other and form a chain called p»ou« 
dohyphao. 

Certain yeaata are covered with a capBu(o 
e.g., CryptococcuH neoformatiH, 



n, HNlUOUMIilNT INFOHMATION 

Tho ability to form pHoudohy|)hao helpn 
to (llfferontlato>ipooleH of yeaHtn, 



The pro»once of tho capnule makeH phag- 
ooyto»la of pathogenic encapsulated, yeaata 
difficult ami they are therefore more viru- 
lent, 



a. PIIAOTIOAL AqTIVITIliJH 



Although yoaata exhibit uniformity of Yeasts may be members of the Ascomy- 
morphology, they do not form ft natural cotes, BaaidlomycoteH, or Deuteromycetes. 
taxonomic group and ato found in three " 
classes of tho fungi. The taxonomy of most 
yeasts is based upon biochemical tests. 



Some fungi (dimorphic) can grow in either 
the form of molds or yeasts depending upon 
the environment, 



Many fungal pathogens are dimorphic and 
may be differentiated from nonpathogeris by 
their ability to form yeasts at_375C and 
molds at room teiUlperature. 



Projection alidea of the biochemical reac- 
tions of various yeasts may be ahown. 



7.7 Cultural Characteristics 
of the Fungi 

7.71 Growth 



Fungi are heterotrophic and will grow on 
ordinary laboratory media. 



Fungi can gro)v on almost any medium 
and normally grow more slowly than bacte- 
ria, Sabouraud agar is the most common 
fungal medium. 



Plates of Sabouraud agar will readily sup- 
port the growth of common laboratory fungi. 



7.72 



7.73 



O2 Requirements 



Temperature 



Fungi are usually strict aerobe^ but some 
yeasts are facultative anaerobes. 



Fungi grow over a wide temperature range 
from 0 to 62°C. The normal range is 20 to 
30°C. 



Saccharomyces and other yeiaafe grown 
aerobically produce CO2 from glucose and 
'may be used in baking bread. The same 
yeasts grown anaerobically produce alcb^iol 
and CO2 from glucose and are used in beer 
and wine making. 

Fungi grow at refrigerator temperatures 
and may be found growing in improperly 
disinfected laboratory incubators. 



7.74 Moisture 



ERLC 



2:: 5 



Fungi require at least a slightly moist 
environment for growth, but the spores may 
survive a more arid environment. 

Medical Microbiology— 41 



TOPICH ANDHlUvrOlMOfl 
7.7fi |)H 



7.70 OHUVophllK^ Naturo 

7.8 Fungal lly-Pro<liutt.M 
IM AntlblotloH 



7.82 



8.0 

8.1 



Mycotoxiuf) 



General CharacteriiT- 
tics of Viruses 

Physical Charactecistica 



8.11 Capsid 



A, lilMBMNTIAl. INKOUMATION 

Vwmi \\\m a xmm from Vi U\ 11.(1 hwi 
uvmt i\u\gi gvov^ \mi at about |>U {\ to 7. 



Many twu^i avo (muioplilllr, liO., ahlo to 
tol«3raici high wait or migar conoootrailooH. 



Cortaln (\uigl pnxhico autiblotlcH, 
puiUjolllluH and cophaloHporioH. 



«'g. 



Some ftmgl pnxhico poiHonouHHubatancoH, 

tormod mycotoxlnfl, which arc highly toxic. 
h 



Virusos aro tho smallest known infectious 
agents and contain either RNA or DNA 
(never both) as their genetic material (ge- 
nome). They are noncellular chemical par- 
ticles and obligate intracellular parasites. 

The capsid is the protein shell which en- 
closes the nucleic acid of the virus. 



,11, lilNlU(lHMIi)m^ INFOUMATION 

Mi^dia \mH\ lo UoUxim f\ui||i IVoo\ a niix^d 
(iuKaivo av^OMually |)H M or low^ir ao that 
baoturia will, bo iubH)ilad whlla th« \m\iU 
notu'ihb, 

Fuogi gn^W onnily on Jolly or Jani and will 
grow ou baum pr<3»orviul with tialt. 



Uho(\U aiitil)|lotirH aro prodvuiod by houio 
Vonidllium and aomo d^phahnpovium apu- 
oioH« 

Aflatoxln ia u mycotoxin producoci l)y Ah- 
per^illuH flavuH grown on corn or poanuta 
which wore improperly harvested or atorod. 
Mycotoxin haa boon shown to bo' carcino- 
genic in laboratory animala* 



The nucleic acid (DNA or RNA) of a 
given virus may exist as either a single- 
stranded or double-stranded molecule. 



The capsid protects the nucjeic acid and 
facilitates attachment of the virus, to its host 
cell. 



\ 

0, IMtAQTKlAI^ AO'rivrriWH 

Miultrt pr^p»v^3(l with diffiM'^ut oil ralloga 
oao bo \mi\ to fiooipar^i'tha fivo^th (jfloflta 
00 a givan (\o>go«, 



(h'owib of (\uigl and baotoria may ba mwv 
parod on 50 and U)0% aynip. y 



Diagrammatic sketches of different typea 
of virusea showing nucleic acid, capsid sym- 
metry, and envelope configuration may be 
studied. Electron micrographs depicting ac- 
tual viruses are also available. 



8.111 Capsomer 



8.12 



8.13 



ERIC 



Nucleocapsid 
Envelope 



2^ 



The capsomer is the basic morphological 
repetitive polypeptide unit that collectively 
forms the capsid. 

The capsid with the enclosed nucleic acid 
is called the nucleocapsid. 

Many viruses have an external envelope 
surrounding the capsid. It is lipid or lipopro- 
tein and is acquired in part from host cell 
membrane. Viruses that do not have enve- 
lopes are termed naked. 



Some enveloped viruses have projections 
on the envelope known as spikes. 
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TOPICS AND SUBTOPICS 



8.14 Virion 



8.15 Size 



8. 16 Symmetry of the Capsid 

8.161 Helical Symmetry 

8.162 Cubic Symmetry 



8.163 



8.2 



Complex Symmetry 
Host Specificity 



8.3 



Bacteriophage 



A. ESSENTIAL INFORMATION 
The complete infective virus particle is 
called a virion. 



. . Viruses range from 20 to 250 nanometers 
in size. A nanometer (nm) is 10*^ microme- 
ters (/im). 



8.4 



Reactions to 
and Physical 



Chemical 
Agents 




B. ENRICHMENT INFORMATION 

The virion may be identical to the nucleo- 
capsid or it may include a nucleocapsid plus 
the envelope. 

Viral size may be determined by filtration 
through a membrane filter of known pore 
size, by ultracentrifugation, or by use of elec- 
tron micrographs in which the virus is com- 
pared with a particle of known size. 



The capsid of some viruses is coiled like a 
tightly wound rope. 

Cubic symmetry occurs in viruses which 
have morphological units arranged in var- 
ious regular patterns. 

Certain viruses have a combination of 
symmetry types called complex synunetry. 

Viruses are capable of invading plant, bac- 
terial, or animal cells. Some viruses can pen- 
etrate and replicate in only one type of host 
cell, whereas others may infect a variety of 
cells within the particular host. 

Viruses which invade bacteria are called 
bacteriophage (phage). A given bacterio- 
phage infects only one or a few strains of a 
given speciea The specificity of the phage 
for its particular bacterial host cell may be 
used in identification of the bacterial species. 
This is called bacteriophage typing. 



The influenza virus has a helical capsid. 



The cubic symmetry of animal viruses is 
icosahedral (20 triangular faces). 



The poxviruses show complex symmetry 



Host specificity is reflected in part by the 
fact that animal and bacterial viruses must 
interact with a specific receptor site on the 
host cell surface to invade the cell. 



Bacteriophage are the most easily studied 
of the viruses since their hosts are bacteria. 
Coagulase-positive staphylococci mi^y be 
subdivided by bacteriophage typing. 



C. PRACTICAL ACTIVITIES 



A diagram comparing viral size with that 
of other microorganisms would help in Ip- 
preciating virus size. 



In general, viruses are susceptible to the 
same antiseptics and disinfectants as are 
bacteria. Viruses are not susceptible to an- 
tibiotics. Erfveloped viruses are made non- 
infective by treatment with ether, whereas 
naked viruses are not (Medical Microbiol- 
ogy, Subtopic 12.4). 

Medical Microbiology 



Some purine and pyrimicline analogs have 
been used tb treat herpesvirus infections of 
the eye. 
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TOPICS AND SUBTOPICS 
8,5 Attenuation of Viruses 



8,6 Classification 



8.7 Replication 



8,71 Adsorption, Penetra- 
tion, and Uncoating 



8.72 Production of Viral 
Components 



^73 

8.74 
8.741 



Maturation 

Release of Virions 
Cell Lysis 



A. ESSENTIAL INFORMATION 

By growing viruses under varying cultural 
conditions, mutants which are capable of 
producing immunity but are no longer ca- 
pable of producing disease may be selected. 
These viruses are said to be attenuated. 

Viruses have been classified according to: 
their physiochemicEd properties (type of nu- 
cleic acid, symmetry [enveloped or naked], 
and size); the type of symptoms produced 
(respiratory, intesCinal); and other methods 
of classification. 

All viruses require actively metabolizing 
cells in which to replicate. The host cells 
provide the necessary enzymes, small mole- 
cules, and energy for viral synthesis. ^ 

Animal viruses adsorb to specific host cells 
and are engulfed into the cells by phagocy- 
tosis (viropexia). Once inside the cell the 
nucleic acid is released from the capsid (un< 
coating). 

Virus nucleic acid and virus components 
are produced by the host cell by using infor< 
mation provided by the viral nucleic acid. 

Maturation of virus particles occurs when 
the nucleic acid is packaged within the cap- 
sid. 



Some types of viruses cause cell death and 
lysis of the cell with release of mature naked 



B. ENRICHMENT INFORMATION 

Live attenuated virus vaccines produce 
better immunity than killed virus vaccines 
because the viruses actually continue to rep* 
licate in the cells of the host. 



Other criteria used in classification of vi- 
ruses include susceptibility to physiced and 
chemicEd agents, especially ether, immuno- 
logical properties, natural methods of trans- 
mission, and host tissue and cell tropism. 



C. PRACTICAL ACTIVITIES 



Viruses attach to host cells by means of 
specific attachment sites on the host cell 
surface. If the host cell does not have the 
specific receptor sites it cannot be infected 
by that particular virus. 

During the production of virus nucleic 
acids and virus components, the complete 
virus cannot be identified in the cell. 

On maturation, completed virus particles 
may be identified within the cell. 



It is this cell destruction which causes the 
symptoms of the virus disease. 



Diagrams of viral classification schemes 
may be shown. 



Diagramatic sketches of various replica- 
tive cycles of viruses may be studied. 



8.742 Budding 



ERIC 



Some viruses are expelled from the host 
cell one at a time by a type of reverse phag- 
ocytosis. The host cell is not disrupted. The 
virus buds through the plasma membrane 
which has been altered to incorporate viral 
protein. This budding process results in the 
virus becoming enveloped. 



The infected host cell may die or may not 
be affected at all. The unaffected cell may 
divide and the virus can be passed on to the 
daughter cells. Membranes through which 
the virus is extruded may be nuclear, endo- 
plasmic reticulum, or c3rtoplasmic. 
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TOPICS AND SUBTOPICS 
8.76 Site of Replication 



8.76 Inclusion Bodies 



A. ESSENTIAL INFORMATION 

In general, DNA virus replication is initi- 
ated within the nucleus of the host cell» 
whereas RNA viruses replicate in the cyto- 
plas^. 

During virus multiplication, virus-specific 
structures called inclusion bodies may be 
produced* These become large enough to be 
seen with the light microscope after staining. 
They may be cytoplasmic, nuclear, or both. 



B. ENRICHMENT INFORMATION 

Exceptions are the poxviruses, which are \ 
DNA but replicate in the cytoplasm. ] 



C. PRACTICAL ACTIVITIES 



Virus inclusion bodies are considered to 
be the site of development of viruses or» in 
some cases, masses of virus particles. Negri- 
bodie^, found in neurons in cases of rabies, / 
are examples of inclusion bodies. 



Prepared microscope slides of various 
types of inclusion bodies may be studied. 



8.8 



Cultivation 



Viruses ^have no metabolic machinery of 
their own and therefore must rely on the 
host cell to reproduce the virus particles. 



8.81 Embryonated Chicken 
Eggs 



For diagnostic purposes, for preparation 
of vaccines or for research, viruses may be 
cultured in embryonated eggs. The eggs are 
inoculated in the yolk sac, the allantoic sac, 
or into the chicken embryo, depending upon 
the' virus. 



After incubation of the egg the presence 
of virus is suggesteci by curling or tucking of 
the embryo, thickening of membranes, in- 
crease or decrease of fluid, hemorrhage, or 
congestion. Specific tests have to be per- 
formed to detect the presence of a virus. 



A diagram demonstrating egg inoculation 
may be shown. 



8.82 Tissue Culture 



8.821 Types of Tissue Culture 



A tissue culture consists of individual cells 
suspended in a rich medium in a test tube or 
petri dish and supplied with proper gaseous 
and temperature coDj}itions. In the classical 
example the ceils reproduce until the con- 
tainer is covered with a single layer of cells. 
These cells may be subcpltured to produce 
multiple single-layered cultures (mono- 
layers). 



Tissue cultures may be produced from 
tissue freshly removed from an animal (pri- 
mary cell culture). An established cell line is 
a tissue culture which has mutated so that 
it can be transferred repeatedly without 
dying out. 



Antibiotics may be added to the medium 
to prevent bacterial contamination since the 
antibiotics will not inhibit the viruses. Pres- 
ence of virus may be determined by plaque 
formation or by certain changes in thelcells 
(cytopathogenic effects or CPE). > 



Monkey kidney or human placenta may 
be used for primary tissue culture. HeLa 
cells are an example of an established cell 
line. These ceUs are available conmierciaUy. 



A projector slide of a tissue culture may 
be shown. 



8.83 



Experimental Animals 




Animals such as. mice may be inoculated 
successfully with certain viruses of human 
origin. 



Suckling animals are particularly suscep- 
tible to virus infection. The presence of virus 
may be noted by signs produced. 
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TOPICS AND SUBTOPICS , , ^ , ESSENTIAL INFORMATION 
8.84 Cultivation of Bactei[io- Bacteriophage may spread on medium in 
ph&ge \ I ' V a petri dish which had been inoculated heav« 
^^ily with a bacterial suspension. After incu* 
^lationl the bacterial growth will show areas 
(plaques) where the virus particles invaded 
^the bacteria and caused cell lysis. 



9.0 

9.1 



General Characteris-. 
tics bf Prajtozoa ax|d 
HebniiithB V 

Protozqp* 



Protozoa are unicellular non-photosyn- 
thetic, eucaryotic prganidms. They lack a 
^eU wall and generally are motile. 



B. ENRICHMENT INFORMATION 

Bacteriophage which is specific for £. coli 
may be isolated from sewage or other natu- 
ral sources. 



Some protozoa live as saprophytes; others 
are parasitic for all or part of their lives. 



C. PRACTICAL ACTIVITIES 

Students may heavily inoculate phage 
agar with E. coli. The bacteriophage T4 may 
be added to liquefied phage agar, which is 
then added to the petri dish as an overlay! 
After overnight incubation, the plaques 
(areas where the E, coli were dest royed)^ 
may be observed. 



Live protozoa may be purchased from bi> 
ological supply houses or found in ponds or 
streams. 



9.2 



Trophozoite 



Trophozoites (active vegetative stage) are 
susceptible to clehydration, acid, and various 
other unfjavorable environmental conditions. 



Prepared microi 
zoites and cysts of a 
be studied. 



e slides of tropho> 
^ariety of species may 



9.3 



Cyst 



^e vegetative or trophozoite stage of cer- 
te&n protozoa may undergo nuclear division, 
store reserve' food material, and secrete a 
re^tant ^all forming an inactive stage (the 

.cyst). . 



In many parasitic species the more resist- 
ant cyst stage is necessary for survival out- 
side the body during passage from one host 
to anothef^ This stage dso protects the or- 
ganism from the destructiye action of gastric 
juicjss after the cyst is swaj)pwed. Therefore 
it is the infective stage folr'^pecies which 
develop cysts. 



9.4 Life Cycle 



* The life cycle of protbzoa may be simple 
and direct or complex and indirect. A simple 
an^ direct^ife cycle would involve a tropho* 
zQite or c^Bt which is infective for a new host 
some tim^^after it leaves the human body 
and does not involve an intermediate host. 
A comp^x and indirect life cycle involves 
one or niore intermediate hosts which har- 
bor the inunature stage and a final host 
which harbors the mature stage of the par- 
asites, depending on tl\e organism, humans 
may be either the intermediate or the final 
host. 



Human intestinal, vaginal, and urogenital 
protozoa have a simple^life cycle. Tissue and 
blood protozoa such^c^ Leiahmania and 
Plasmodium have a c6tnplex life cycle. In 
Leishmanial humans are the definitive host 
(harbor the intracellular stage) and arthro- 
pods are the intermediate host (harbor the 
extracellular stage). In Plasmodium (the eti- 
ological agent of malaria), mosquitoes are 
the definitive host (sexual reproduction 
takes place here) and humans are the inter- 
mediate host (only asexual reproduction oc- 
curs here). 



Charts which depibt the life cycles of var- 
ious types of protozoa, both free living and 
parasitic, may be studied. 



9.6 Locomotion 



'All protozoa are motile during at least one 
stage in their life cycle. Protozoa are classi- 



Locomotion may be used in obtaining food 
as well as responding to other stimuli. In 
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TOPICS AND SUBTOPICS 



A. ESSENTIAL INFORMATION 

fied, at least in part, on the basis of their 
locomotor organelles. These include pseu* 
dopodia, flagella, cilia, and undulating mem* 
branes. 



B. ENRICHMENT INFORMATION 

general, parasitic protozoa are less motile 
than are free«living species. 



C. PRACTICAL ACTIVITIES 



9.6 



9.61 



Classification 



Sarco^na 



9.62 Mastigophor^ 



9.63 



■V. 

Ciliata | | 

I ■ 



Protozoa of medical importance may be 
divided into four groups; Sarcodina, Masti- 
gophora, Ciliata, £md Sporozoa. 



The Sarcodina include the amoebae 
which move, by pseudopodia. A pseudopo- 
dium is formed by the amoeba extending 
part of itself forward and then pulling tlie 
rest of the ceU up into the extension. 

In the trophozoite stage, the Mastigo- 
phora possess one or more flageUa and, in 
some species, an undulating membrane. The 
cell membrane is differentiated into a weU- 
defmed peUicle which gives a definite shape 
to the trophozoite. 

The Ciliata possess cilia (fine h^like ap- 
pendages which sweep in unison) duhngvpart 
or aD of their life cycle. They possess two 
nuclei: a vegetative macronucleus and a gen- 
erative micronucleus.' 



Lifectious diseases caused by.Uiese orga* 
nisms are common in many parts of the 
world. In areas where the diseases occur, 
asymptomatic cases are common. 

Reproduction is by binary fission or 
through cyst formation in which two or more 
nuclear divisions may take place. 



Reproduction occuro by longitudinal di- 
vision or by encystment with the formation 
of small inmiature forms. Some parasitic 
forms require alternation of hosts to com- 
plete their life cycle. 



The Ciliata reproduce by binary fission 
and by conjugation, the latter taking place 
every several hundred generations. 



Prepared niicrosco[ie slides and preserved 
specinaens are available for all four groups. 
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9.64 Sporozoa 



Sporozoa are parasitic, generaUy without 
visible locomotor organeUes, and usually 
form spores at some stage in .their life cycle. 
Vertebrates and invertebrates serve as hosts. 



Reproduction has become highly special- 
ized in these protozoa and involves both 
dexual and asexual phases. 



9.7 Physiology 



9.8 



Helminths 



ERIC 
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Protozoa are heterotrophs requiring large 
amounts of water. Most are either strict 
aerobes or facultative anaerobes. 



The Mastigophora and most Sporozoa ob- 
tain dissolved organic material through their 
cytoplasmic membranes. Sarcodina obtain 
nutrients through phagocytosis, whereas the 
Ciliata have a cytostome which- leads to a 
gullet through which food particles are taken 
in. 



Helminths are worms that are considered 
in medical microbiology because the diag' 
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Projection slides of eggs, larvae, and 
adults of helminths may be studied. The 



233 



TOPICS AND SUBTOPICS 



.9.81 . Aschelminthes (Nema- 
todes or Roundworms) 



9.82 Life Cycles 



9.83 Platyhelminthes (Flat- 
worms) 



9.831 Cestodes (Tapeworms) 



9.832 Life Cycle 



9.84 Trematodes (Flukes) 



ERIC 2 J J 



A. ESSENTIAL INFORMATION 

nosis of t^ese infections depends principally 
upon the identification by microscopic ex- 
amination of eggs or larvae found in feces or 
other excretions. Some species of helminths 
are free living and others are parasitic* 

Nematodes, are elongated, cylindrical, un- 
segmented worms tapering toward the head 
and tail. They have separate sexes and a 
well-developed digestive system. There may 
be fmlike projections of the neck region or 
the tail which are an aid in diagnosis. 



The life cycles of the intestinal nematodes 
vary from simple, in which the egg stage is 
infective within a few hours or weeks after 
it is passed in excrement^ to complex, in 
which the developmental cycle outside the 
host involves free-living generations with 
the ultimate production of an infective stage. 

In platyhelminthes the digestive tract is 
absehlf or, if present, does not have an anus, 
with \9astes regurgitated through the mouth. 

The cestodes or "Tapeworms consist of a 
"head" or scolex, a neck, and a series of body 
segments (proglottids). Cestodes are mo* 
noecious (both sexes in the same organism). 
Worms may reach 20 feet in length. ^ 

The life cycle of the Cestodje is normally 
indirect and includes alternation of genera- 
tions between intermediate and definitive 
hosts. 



Trematodes are. elongated and leaf- 
shaped parasites usually having two suckers 
found on the ventral surface. 



B. ENRICHMENT INFORMATION 



C. PRACTICAL ACTIVITIES 
larger hehninth adults may be purchased as 
preserved specimens. Charts of the life cy- 
cles of the vfurious helminths may be studied. 



The roundworms are characterized by a 
cuticle-covered unsegmented body, com- 
plete digestive system with mouth and anus, 
nervous system, excretory system, genital 
system^ and separate sexes. Diagnosis is 
made by finding eggs or larvae in feces, 
urine, blood, or tissue. 

Nematodes with simple life cycles include 
Enterobius, Aacaria, and Trichuria, Nema- 
todes with complex life cycles include the 
hookworms Necator americanua and An- 
cyloatoma duodenale* 



The scolex is adapted for attachment to 
the intestinal mucosa. The unsegmented 
neck is a budding zone that gives^se to the 
rest of the worm. Each proglottiq^^pable- 
of producing eggs. 

Taenia solium may involve pigs as the 
intenngdiate host and humans as the defm- 
itive host, whereas Hymenolepaia nana may 
or may not have %n intermediate host, al- 
though the cycle is rarely direct. 

They often have a mouth surrounded by - 
a muscular sucker and a second sucker for 
attachment. Most trematodes are monoe- 
cious, but the schistosomes (blood flukes) 
have separate sexes. 
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TpPICS AND SUBTOPICS 
9.86 ' Life Cycle 



A. ESSENTIAL INFORMATION 

Trematodes have complicated life cycles 
^ivqlving one or two intermediate hosts (one 
of which is usually a mollusk) ^hd severail 
developmental stages and generations be- 
fore becoming infective for the definitive 
host. 



B. ENRICHMENT INFORMATION 
Mollusks involved as intermediate hosts 
of flukes include many families, of snails, 
both freshwater and terrestrial. 



C. PRACTICAL ACTIVITIES 



10.0 



10.1 



10.112 



Inhibitipn and Killing 
of Microorganisms by 
Physical Agents 
Heat 



lO.'U Moist Heat 
10.111 Boiling 



Steam Under 
(Autoclaving) 



Pressure 



10. 1 13 Pasteurization 



10.12 Dry heat 



10 1^ Incineration 
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Heat is an effective means of sterilizing 
many solids and liquids. Sterile is defined as 
absence of viable organisms. Spores are 
more resistant to heat than are vegetative 
bacteria. Moist heat is more efficient than 
dry heat. 



The temperature that kills a 24-hour liq- 
uid culture of bacteria at pH 7 in 10 minutes 
is called the thermal death point. The time 
required to kill ^11 bacteria in a giver\ sus- 
t^ension at a given temperature is the ther- 
mal death time. 



Boiling for 10 minutes will kill vegetktive 
pathogens, but not necessarily endospores of 
pathogenic organisms. 

Autoclaving is the most effective practical 
method for heat sterilization. Exposure to 
steam (121'*C) in an autoclave at 15 lb of 
pressure for 20 minutes will kill all forms of 
life including endospores. 

Pasteurization destroys vegetative patho- 
gens but does not destroy all bacteria nor 
does it destroy endospores. Foods commonly 
pasteurized to destroy pathogens include 
milk and cheese. 



Glassware, metal, and petrolatum oils are 
usually sterilized in a dry heat oven at 160 
to 180**C for 2 hours. This procedure kills 
vegetative organisms and endospores. 



Heat-stable media for bacterial cultiva- 
tion are usually sterilized by autoclaving, 
and cultures, growing on media are auto- 
claved before being discarded. 

The pasteurization of milk involves heat- 
ing at 60^*0 for 30 minutes br 72**C for 15 
seconds (flash method). The heat of pas- 
teurization reduces the number of bacteria 
to levels making disease transmission im- 
probable. Some toxins, hbwevqr, may sur- 
vive pasteurization temperatures. 

Dry heat destroys microorganisms by ox- 
idation, whereas moist/heat destroys micro- 
organisms by protein jdenaturation. 



Incineration (burning) kills all microor- Carcasses of infected animals, infected 

* Medical Microbiology— 67 / 



Pictures of autoclaves (large floor models 
and stable models) may be studied. Use of 
the autoclave, if available, may be demon- 
strated. 
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TOPICS AND SUBTOPICS 



10.2 Drying 



10.3 



Freezing 



10.4 



'Ultraviolet Radiation 
(UV Light) 



10.5 



Filtration 



10.6 Physical Dbintegration 



A. ESSENTIAL INFORMATION 
ganisma, Inoculation loops for tranafer of 
.microorganisms are sterilized by incinera- 
tion. 

Drying in air at room temperature is lethal 
to many vegetative pathogens but not nec- 
essarily to endospores 



Freezing can be lethal to many bacteria 
although generally it is bacteriostatic (in- 
hibits growth). 



UV light is often, used for reducing the 
microbial population in opiSrating rooms and 
laboratories. The effectivfeness of UV light 
is limited ^y its low penetrability. 



Heat'Sensitive substances such as toxins, 
carbohydrates, serum, and plasm^^^lire ster- 
ilized by being passed through filters which 
hold back bacteria. Viruses are not retained 
by bacterial filters. 

Grinding bacterial cells will destroy them. 
High-frequency ultrasonic waves will also 
disrupt bacterial cells. 



B. ENRICHMENT INFORMATION 
dressings, etc., should be incinerated. Incin* 
eration of inoculation loops contaiiiing or- . 
ganisms with a Bunsen burner may. cause 
sputtering and allow some of the microor- 
ganisms to escape before they are killed. 

There is much variation in, the lethal ef- 
fects of drying. Tuberculosis organisms and 
bacterial endospores are very resistant, 
whereas the gonococcus is quite sensitive. 
For this reason, intimate contact is neces- 
sary for continued transfer of the gonococ- 
cus. p 

Repeated freezing and thawing is an effec- 
tive way of killing many microorganisms. 
Freezing and then removing the moisture 
under negative pressure is a mechanism used 
for preserving organisms and Lb known as 
lyophilization. 

UV light acts by forming pyrimidine (thy- 
mine) dimers from adjacent monomers on 
the same DNA strand. In media it also pro- / 
duces peroxides. Both of these mechanisms 
are harmful to microorganisms and, depend- 
ing on concentrations, may be lethaL UV 
light is also harmful to the eyes and skin. 

Cellulose Acetate or cellulose nitrate mem- 
branes with prodetermined pore sizes are 
most commonly used for filtration. 



It is difficult to attain 100% kill by these 
methods although ultrasound is more efQ- 
cient than grinding. 



C. PRACTICAL ACTIVITIES 



] The effects of varying exposures of UV 
/light on the growth of bacteria on nutrient 
agar may be shown. 



L 



\ 



Pictures or examplesl^f various filtration 
devices may be shown or demonstrated. 



11.0 Inhibition and Killing ' 
of Microorgagusms by 

Chemical Agents ... 
1 1 1 Sterilization Sterilization is a process which kills all Sterilization of materials is important m 
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TOPICS AND SUBTOPICS 



11.2 Dj^fection 



11.3 Antiseptics 



11.4 Representative Chemi- 
cals Used for Disinfec- 
tion and Sterilization 



11.41 Halogens (Chlorine, Io- 
dine* Bromine, and Flu- 
orthe) r 



11.42 Alcohols 



A, ESSENTIAL INFORMATION 
foims of life in a giv^n preparation or envi- 
ronment. 



Disinfection is the destruction of patho- 
gens on inanimate objects. It includes any 
process which kills all microorganisms which 
are capable of producing infectiouQ disease 
(pathogens). The action of disinfectants is 
affected by time, temperature, acidity, and 
the susceptibility of the various bacteria. 
The presence of organic material, however, 
may interfere with the action of many dis- 
infectants. 

Antisepsis is defmed as destruction of 
pathogens in wounds or on body surfaces. 
Antiseptics may inhibit the growth of bac- 
teria without necessarily killing them. 



Chemical agents inhibit or kill microor- 
ganisms by disrupting membranes, denatur- 
ing proteins, or interfering with nucleic acid 
synthesis or functions. 

Halogens owe nfiuch of tl>eir bactericidal 
action to their oxidizing activity which in- 
activates enzymes. They i are effective 
against sporulating organisms. 



Alcohols disorganize the lipid structure of 
cell membranes and also denature cellular 
proteins. They do not kill spores and should 
not be relied upon for instrument steriliza- 
tion. 



B, ENRICHMENT INFORMATION 
operating and delivery roonis. Gowns, in- 
struments, etc, must be sterile. In the labo- 
ratory all glassware and media must be ster- 
ile before microorganisms can be isolated 
and identified. 

Disinfection does not necessarily destroy 
spores or certain nonpathogenic microorga- 
nisms. 



C, PRACTICAL ACTIVITIES 



The types of microorganisms and partic- 
ular situations often determine the type of 
chemical agent used for disinfection or ster- 
ilization. 

Chlorine is commonly used to destroy 
pathogens in drinking water. However it also 
reacts indiscriminately with organic mate- 
rial. Iodine is commonly used in a dilute 
alcoholic solution (2.5%) as a skin antiseptic. 

Both 70% denatured ethyl or isopropyl 
alcohol are commonly used as antiseptics. 



A laboratory experiment which exposes 
bacteria and bacterial spores to disinfectants 
for various lengths of time and various con- 
centrations may be performed. 



An experiment comparing the growth of 
bacteria in the presence and absence of com- 
mercial antiseptics may be performed. For 
example, saturate a filter paper disk with an 
antiseptic, place it on a plate seeded with a 
bacterial culture, and incubate it overnight. 

Skin flora may be cultured before and 
after hand washing with an antiseptic solu- 
tion to demonstrate a decrease in total bac- 
terial population. 



11.43 



Phenols (Carbolic Acid) 
and Related Compounds 
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Phenols and cresols cause membrane 
damage with leakage of cell contents and 
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A 5% solution of phenol kills all vegetative 
organisms and after a few hours will kill 
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TOPICS AND SUBTOPICS 



1L44 Detergents (Wetting 

Agents or Synthetic 
Soaps) 



A. KSSKNTIAL INFORMATION 

resultant lysis. They are also bactericidal by 
inactivating enzymes. Their Action is not 
inhibited by the, presence of pus, serum, or 
other extraneous organic matter. 

Detergents are surface active agents 
whiqh act by disrupting cell membranes. 



B. ENRICHMENT INFORMATION 

bacterial spores. Cresol is more effective and 
less toxic than phenol. 



There are cationic, anionic, and nonionic 
detergents. Cationic are most effective. An 
example of a cationic detergent is a quater- 
nary ammonium compound which is water 
soluble. Detergents are often used in hospi- 
tals. 



C. PIUCTICAL ACTIVITIES 



11.45 Heavy Metals (Silver, 
Mercury, Lead) 



Metallic ions, especially of the heavy met- 
als, are toxic to bacteria. A solution of silver 
nitrate is commonly used to guard the eyes 
of the newborn infant at birth from infection 
and possible blindness due to Neisseria gon- 
orrhoeae. 



Silver ions combine with and inactivate 
enzymes. Mercury reacts with the SH 
groups of proteins and inactivates bacterial 
enzymes. Organic materials reduce the effi- 
ciency of heavy metals. 



11.46 Ethylene Oxide 



11.47 Formalin Vapor 



12.0 
12.1 



Antimicrobial Agents 
Antibacterial Agents 




Ethylene oxide is a gas which is strongly 
bactericidal and virucidal provided the hu- 
midity is 20 to 40%. It readily penetrates 
polyethylene wrapping material and is used 
for sterilizing heat-sensitive plastics, e.g., sy* 
ringes, pipettes, needles, and petri dishes. 



Antimicrobial agents are chemicals which 
are used for the treatment and control of 
infectious diseases. Desirable properties of 
antimicrobial agents include: (i) selective ac- 
tion against the microorganism with mini- 
mal damage to the host cells; (ii) minimum 
side effects; (iii) stability within the host; 



Ethylene oxide is very inflammable and 
concentrations of the gas in the air as low as 
3% make an explosive mixture. Ethylene 
oxide is made nonexplosive by^^ombining it 
with 90% carbon dioxide. It^is extensi^ly 
used for disinfection of surglbal instniifients 
and materials in specially/ des^gifed auto- 
claves. ..^ 

\ 

Formalin vapor^t^^a concentration of 1 or 
2%, is bactericidal and may be used to dis- 
infect roorn^ blankets, and bedding. It is 
^.^elfccier^taf the humidity is over 50% and the 
temperature is raised to about 50 °C. It is 
also used to disinfect breeding facilities for 
poultry and other livestock. 



The bases of selective toxicity depend 
upon unique structural features or metabolic 
processes of the microorganism against 
which the antimicrobial agent is directed. 



■4. 
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'^roprgs AND suiiTOPica 

.<12.1I Mechanisms of Action 



A. KSSKNTIAL INFORMATION 

(iv) minimal development of bacterial re- 
sistanco to them. 

Antimicrobial drugs act by inhibiting coll 
wall 9r protein synthesis, injuring the coll 
membrane, interfering with nucleic acid syn- 
thesis, or interfering with intermediary me- 
tabolism. 



B. KNHICHMICNI^ INFORMATION.^ 



12.12 



Antibiotics 



12.121 CeU WaU Inhibitors 



12.122 



Interference with 
Cell Membrane 



the 



12.123 



Protein Synthesis Inhib- 
itors 



12.124 Nucleic Acid Inhibitors 



Antibiotics aro chemicals which ore pro- Some antibiotics have a* narrow spectrum 
duced by bacteria and fungi and are able to in that they are effective against either 
inhibit the growth of (bacteriostatic) or de-^ gram-positive or gram-negative bacteria, 



Btroy (bactericidal) other microorganisms. 
The chemical structures of many antibiotics 
have been determined and a few ore now 
produced synthetically. * 

A number of antibiotics interfere with the 
cell w^l synthesis of bacteria. The penicil- 
lins and cephalosporins, the major group of 
cell wall inhibitors, interfere with the final 
step in cell wall synthesis. Bacteria usually 
do not survive without intact cell walls, thus 
cell wall inhibitors are generally bactericidal. 

Certaiif antibiotics act as surfactants and 
attach to the cell membrane, thereby dis- 
rupting its integrity. The regulatory activity 
of the membrane is compromised, resulting 
in bacterial death. 

A large number of antibiotics interfere 
with protein synthesis. The inhibition of 
protein synthesis does not result in the de^th 
of the organisms and thus this group of 
antibiotics is generaUy bacteriostatic. Ex- 
amples are chloramphenicol, tetracyclines, 
and erythromycin. 

Because of th^ universality of nucleic acid 
synthesis and function among all livihg 
forms, compounds which selectively inter- 
fere with microbial nucleic acid and not host 
nucleic acid synthesis and function are dif- 



whereas others have a broad spectrum and 
are effective against both gram-positive and 
gram-negative organisms. 



Antibiotics which interfere with cell wall 
synthesis at earlier steps in the development 
of the cell wall include cycloserine and bac- 
itracin. Since animal cells do not have a cell 
wall, they are not directly affected by these 
antibiotics. 



Polymyxins and the antifungal agent am- 
photericin B are examples of antimicrobial 
agents which interfere with cell membrane 
integrity. * 



One important group of protein synthesis 
inhibitors is the aminoglycosides which in- 
clude such antibiotics as streptomycin and 
gentamicin. In contrast to the other protein 
synthesis-inhibiting antibiotics, this group of 
antibiotics is bactericidal. 
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' TOPICS AND HUirr(il»(ps 



1 



12,12&^. 'Antimiorol3ial Prviga 

that Intorford . with In- 
termediary Metabolism 
(AntimetaboUieff) 



12.2 



Antifungal Agc^nts i 



12.3 \ Antiprotozoan Agents 



A, HSSKNTIAL INFOUMATION 

ficult to (Ipvelop. ThuH, only a few antibiot- 
icH/fluch aH griHeofulvin, an antifungal agent, 
and nalidixic acid, uHod in urinary tract in- 
fect ionti, are clinically uHcful. 

Several synthetic compounds have been 
developed which show antimicrobial activ- 
ity. Since intermediary metabolism is gen- 
erally similar in all forms of life,, many com- 
pounds which have antimicrobial activity 
are also toxic to host cells. Only a few have 
been found t& be selective for bacteria and 
include the sulfa drugs, a number of anti- 
tuberculous drugs, and some drugs effective 
^against bacteria causing urinary tract infec- 
tions. 

Antifungal agents are usually also toxic to 
host cells because fungi are metabolically 
similar to human cells (fungi are eucary* 
otes). 



Arsenicals, antimony compounds, qui- 
nines, and other chemical agents are used to 
treat protozoan infections. 



11, ICNUICIIMKNT INrOl^MATION 



Griseofulvin is used to treat dermato- 
phytes; amphotericin B is used to treat sys- 
temic mycoses such as histoplasmosis and 
cryptococcosis. Mycostatin is used to treat 
superficial candidiasis. 

Metronidazole is a common agent used to 
treat intestinal hepatic amoebiasis and tri- 
chamoniasis. 



C. PHACTICAL ACTIVITIES 



12.4 Antiviral Agents 



12.5 



Susceptibility Versus 
Resistance of Microor- 
ganisms 



12.6 



Drug Resistance 



ERIC 



Antimicrobial agents ore not effective 
against viruses because viruses are not cells 
and do not have intrinsic metabolic capabil- 
ity. A few chemical compounds that have 
limited effectiveness against certain viruses 
have been developed. 



An organism is said to be susceptible to a 
given antimicrobial agent if it is either killed 
or inhibited when exposed to a concentra- 
tion of the drug known to be attainable in 
the patient. A resistant organism is not killed 
or inhibited by attainable concentrations. 



rdoxuridine (IDU) is effective against eye 
infections caused by herpes simplex virus. 
Adenine arabinoside is also effective against 
herpes simplex of the eye and also herpes 
simplex encephalitis. Amantadine hydro- 
chloride is an effective chemoprophylactic 
and ch&mo therapeutic agent against influ- 
enza Type A, 

The higher level required to destroy or 
inhibit the resistant organism may be toxic 
to the host or may be unattainable because 
of rapid excretion or metabolism by the host. 



Many bacteria develop resistance to an Resistance may be due to production of 
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TOVICH AND HinrropicH 



12.01 MochuniHinH of Micro-* 



A, KHHIJNTIAI. INTOIiMATION 

aiiilbnottirlal auunt, ^locilon o( mMmt 
HiruinH may bo unhaiiood aa a rmwM of in* 
adiuiiuUu or prolongud iroatiuuiU. lUi» 
HiHtancu Ih moro likuly U) occur wltb baclo- 
rioHtotic aHcntH. RuHlHtancu to a nivon uKunt 
inuanH that the inicroorganiHm haH duvul- 
opod the ruuiHtancu, not the patient. 

Bacteria develop retiiHtaucu to untimioro- 
bial agenia either by mutation or by gene 
tranafer involving conjugation or trannduc- 
tion. DNA tranHferretLt^ a BUBcoptlble recip- 
ient bacterium co^tainH gencH from a reniHt- 
unt bacterium which code for roaiHtance fac- 
tors. Ip this manner, an organism susceptible 
to one or several agents becomes resistant to 
these agents. 



II, KNUIcnMlWT INKOUMAtlON 
enAVm<3H which imt\\{ down tht) dnigH, a 
chango in membrane punncabiliiy wliich 
(louH not allow the drug to ontor tho cell, an 
alteration o( one ov n\ore of tho Hynthotic 
pathwayHi or an Increase *iu the production 
of a competitive HubHtrate, 



12.7 Use of Antimicrobial 
Drugs 

12.71 Chemotherapy 



12.72 Chemoprophylaxis 



ERIC 



In chemotherapy or treatment of a dis- 
ease, antimicrobial agent£i are used in the 
minimum dose required to treat a particular 
infection in a patient. This will vary with 
the location, distribution, and metabolic ac- 
tivity of the particular organism as well as 
the adsorption, distribution, and concentra- 
tion of the agent in the host 

Chemoprophylaxis is the use of antimicro- 
bial drugs to prevent the establishment of 
pathogenic microorganisms in the body. It 
is often used in selective cases after exposure 
tO' pathogens or following certain types of 
surgical procedures. Chemoprophylaxis is 
usually limited to the action of a specific 
drug against a specific microorganism. Gen- 
erally speaking, the use of antimicrobial 
drugs for chemoprophylaxis is discouraged 
and used pnly under certain specific condi- 
tions. The indiscriminate use of antibiotics 
for chemoprophylaxis tends to enhance the 
selection of resistant organisms. 



A bloodborno infection would require a 
different treatment than would an abcess 
which is walled off from the bloodstream. 
An immunocompetent individual would re- 
ceive different treatment from one whose 
imrhunocompetence was impaired. 



Chemoprophylaxis might be indicated for 
an individual with rheumatic fever and heart 
valve damage who may be given antibiotics 
before a tooth extraction. This prevents cer- 
tain oral microorganisms which enter the 
blood stream from establishing themselves 
on the dama^d heart tissue. Patients un- 
dergoing cardiovascular surgery are usually 
given antibiojncs for a few days before and 
several d^y^fter surgery to prevent bacte- 
riaUiTTpfantation on damaged heart tissue. 
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T()^•l(^^UNl)^^llm)lM(3H 
1X7:) Oholmi lUMl Vm of Anti* 

r „ 



A, ItlHHItlN'riAI. INl'OHMATiyN 
MohI iintiiwiovohliU (hngH nri) i^Xrioiiid In 
thu \iiino luul Hoiuo uvu luutnboli/uil by 
Www *l\\m)(m), i()^;,j,imin(ala/n coiiHtani 
I)I(mmI IovdI, onu numt kIvm an^uiiUuoblMlH at 
t'ouHtant iniorvalH or In a h^ng-aotlnK lovnt, 
Onco buK^U), tbo atbninlrtttailon of andinl* 
iU'oblfilH Hbonid bo cnnUn(io(l louK oncuinb to 
ullmlnaio tbu ntlfmiufKanlmn and to n\lnl< 
nil/o ov pvovunt tno ttulucilon of nmlntant 
niutantH. 



h. HNIUOHMI^INT INKOUMATION 
InndutjuatM anllblollo (hi^rapy Ih nl'ti^n 
mm bannl\d tban no antlbiotio OiiUiMVy^ 
An Indlvldnid wbo U\\m liallMbo pn»«t'vibti?#* 
dimaKo for half tbo (bno bdorval Ih bwUlnif 
tbo aolo(!tlon of roMlatant ndoroorKanlunm, 



(1. PHAOTidAb AOTivrrim 



UotiHliipH 

i;). 1 I loHt<l'aniHito 'Uebitlot^- 
abipH ' 



13.12 SymbioHis 

13. K) Commonsaliam 

13.14 Mutualism 



OrKanlantH llv|[3 In varloua robitlooHblpH to 
uacb other In i|ntnru. In tbu bvnnan body, 
boat-paraHltu rmittlonHblpH.nmy uxlat In titu 
mouth, the IntoHtinal tract, vagina, akin, and 
patltologlcal U]HlonH. 8uvorat typba of rola< 
tionHhIpa uxiat which account In part for 
different organlanm living together lit the 
flame area. / 

Symbioflia /Ib the^coexiatence of" two or 
more dissiniilar orgfffltHniB with a certain 
degree of constancy. 

Commenfialism is a relationship between 
two types of organisms in which one orga- 
nism benefits from the association but the 
other is not affected. . 



Mutualism is a type of symbiosis in which 
both organisms are beneHtcd and survival 
depends upon the relationship. 



Aerobic and anaerobic microorganisniR 
may live in the same place. The aerobic 
organism may create a low oxidation-reduc- 
tion potential which allows the ai^robic 
organism to grow and multiply. 




Termites eat wood but are unable to di- 
gest it. Certain flagellates in the termite's 
intestinal tract digest the wood. The prod- 
ucts of digestion are then metabolizfed by 
the termite. The flagellates are in turn un- 
able to survive outside the termite. 



13.15 Parasitism 



ERIC 2':.5 



Parasitism is the state in which one orga-' 
nism lives on or within another living orga- 
nism (the host) in any environment favora- 
ble for growth. The parasite benefits at the 
expense of the host. 
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TOPICS AND HUBTOriCS 

13.2 Pathogen 

13.3 Normal Flora 



' A. KSSENTIAL INFO^tMATIO^I 
A pathogen la a microorganism capable of 
causing disease. 

The normal flora of the human body in- 
clude all the microorganisms which live on 
the skin and mucous membranes of humans 
without producing disease. 



B. ENHICHMENT INFORMATION 



The resident flora consist of those micro- 
organisms which live on or in the body for 
relatively long periods of time. The*transient 
flora consist of microorganisms that inhabit 
the body for perhaps hours, days, or weeks 
but do not establish themselves perma- 
nently. 



C. PRACTICAL ACTIVITIES 



The normal flora of the skin may be cul- 
tured and identified in the laboratory. 



13.31 Significance of Normal 
Flora 



' 13.32 Opportunists 



The normal flora are valuable to the host 
in keeping the relative numbers of each type 
of organism in balance and excluding other 
potentially pathogenic microorganisms. 



Opportunists are organisms present in the 
environment or as part of the normal flora 
of the host which will produce disease under 
extraordinary circumstances. If in an indi- 
vidual the balance of the normal flora is 
upset or the host defenses are compromji^ed 
an opportunistic organism may produce dis- 
ease. 



Pseudomonas (a potential pathogen) may 
be present in the intestinal tract. The num- 
bers of such orgai]tisms are kept in check by 
the normal flora so that clinical disease does 
not occur. 

Alpha-hemolytic streptococci are part of 
the normal flora of the mouth. After tooth 
extraction however, these organisms may 
gain entrance into the bloodstream and pro- 
duce heart damage. 



13.3.3 Changes in Body Flora 



Antibiotic therapy, natural or therapeutic 
changes in hormone level, infectious or or- 
ganic disease, massive X-irradiation, and irp- 
munosuppressive agents may cause a change 
in the number and kind of bacteria present 
in a given area. 



individual who has had extensive 
treatment with antibiotics may develop can- 
didiasis. I^his fungus, which is normally pres- 
ent in low numbers, flourishes after the an- 
tibiotic-sensitive members of the normal 
bacterial flpra are removed or diminished 



13.4 * Disease States 



1».41 




Disease 



Disease is a detrimental change in func - 
tion or structure in an individual which is 
dis( ernable clinically. An acute disease has 
a relatively rapid onset and a short duration, 
i.e . influenza, Chronic diseases such as tu- 
berculosis have a gradual onset and a long 
duration 
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TOinCS AND SUBTOPICS 
13.42 Infection 



13.421 Infectious Disease 



13.422 Communicable 

(Contagious) Disease 



13.423 Localized Infection 



13.424 Generalized Infection 



13.425 Inapparent (Subclinical) 
Infection 



13 426 Latent Infection 



13.427 Carrier. 



13.428 Secondary Infection 



A. KSSKNTIAL INFORMATION 
Infection is the invasion and multiplica- 
tion of microorganisms in tissues with or 
without the production of disease. 

An infectious disease is one produced by 
a microorganism. ^ 

A communicable disease is one in which 
the etiological agent is readily transmitted 
from person to person. 



A localized infection is an infection re- 
stricted to one part of a tissue or area of the infection 
body. 



B. ENIilCHMENT INF'OHMATION 

Poliovirus may produce an infection with 
or without symiptoms. 



Influenza, gonorrhea, athlete's foot and 
malaria are all infectious diseases. 

The common cold is a communicable dis- 
ease. A patient with tetanus is considered to 
have a noncommunicable disease since it is 
not spread from person to person. 

A boil or a wart on the skin is a localized 



C. PRACTICAL ACTIVITIES 



A generalized infection is an infection in- 
volving many tissues^ organs, or systems of alized infection, 
the body. 



Typhoid fever is an example of a gener- 



An individual who had an inapparent in- 
fection does not have clinical symptoms, 
though specific immunity may be initiated 
or bolstered. The infectious agent may or 
may not spread to other susceptible individ- 
uals. 

A latent infection is a persistent inappar- 
ent infection which has the ability to inter- 
mittently produce clinical signs of disease. 



A carrier is an individual who harbors a 
potential pathogen and is capable of spread- 
ing it to the environment or to other suscep- 
tible individuals. The carrier does not ex- 
hibit clinical signs or symptoms of the dis- 
ease. 

When one organism invades a host and. 
produces clinical or subclinical disease, a 
second organism then establishes itself and 
produces clinical disease on the damaged 



Mumps virus may produce an apparent or 
inapparent infection, both of which produce 
a long-lasting immunity. 



Herpesvirus may produce a latent infec- 
tion. The infected individual may show no 
clinical signs until after a severe sunburn or 
a common cold, after which fever blisters 
due to the viral infection appear. 

Shigella species may be carried in the 
intestinal tract without producing symptoms 
in a given individual, but the individual^may 
be able ta transmit the organism to other 
people by means of food or water contami- 
nated with fecal material. 

An example of a secondary infection is a 
l^esion produced when a person who has 
chicken pox scratches the pox lesion, allow- 
ing dirt and bacteria to reach the damaged 
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TOPICS AND SUBTOPICS 



13.5 Host Resistance Fac< 
tors 



A. ESSENTIAL INFORMATION 



B. ENRICHMENT INFORMATION 



tissue. The second organism is usually not tissue. A purulent lesion (one containing 
capable of initiating an infection alone. pus) may result as a secondary infection. 



C. PRACTICAL ACTIVITIES / r 



13.51 Mechanical Factors 



13.52 Chemical Factors 



Intact skin, the mucous coating of the 
upper respiratory and intestinal tract, and 
the cilia of the respiratory tract are all ex- 
amples of mechanical barriers to microor- 
ganisms. 



Chemical barriers to disease-producing 
organisms include gastric juice, complement, 
lysozyme, beta-iysine, and interferon. 



Bum patients develop infections rapidly 
because of the loss of intact skin. Decreased 
capillary action and the loss of mucous coat- 
ing of the respiratory tract in heavy cigarette \ 
smokers may lead to increased respiratory 
infections. 

Chemical barriers to disease-producing 
organisms include: gastric juice, which is 
extremely acidic; complement, a normal 
blood protein which is active in certain an- 
tigen-antibody reactions as well as in some 
non-immunological ones; lysozyme, an en- 
zyme which dissolves some bacterial cell 
walls and is found in tears, nasal secretions, 
and saliva; and interferon which acts by 
preventing viral replication in other healthy 
cells. 



\ 



13.53 Individual Factors 



ll3.54 Nonsusceptibility of the 
Species 



People differ as to their susceptibility to 
infection. This varies with their nutritional 
state, age, sex, and certain physiochemical 
factors. 

An organism may be pathogenic for one 
host species, but another host may be com- 
pletely resistant to infection and/or disease 
by the same organism. 



Debilitation, physical stress, hereditary 
differences, and emotional factors alter an 
individual's resistance to infection. 

Non-susceptibility of a host may be te^^^i 
perature related as in the case of anthrax, a 
bacterial disease of cattle. The chicken is 
not succeptible to anthrax unless its body 
temperature is lowered, in which case it then 
becomes susceptible. In many cases the ex- 
act cause of non-susceptibility is not known, 
e.g., humans get mumps but canines do not. 



r 



13.55 



Environmental Factors 




2bl 



Climate, crowding, poor sanitation, smog, 
and other factors may all act as predisposing 
factors to infectious disease 



Tuberculosis is an example of a disease 
which occurs more frequently in crowded 
conditions such as in institutions and hous- 
ing developments. 
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TOIMCS AND SUBTOPICS 
L156 Inflammation 



13.57 PhagocytosiH 



13.58 Reticuloendothelial SyH- 
tern 



A, KSSKNTIAL IMFOHMATION 
Inflammation is the normal response of a 
host to injury. It is characterized an in- 
crease in permeability of Wpillaries in the 
area which leads to swelling and redness. 
White blood cells (neiStroyhils and later 
macrophages) invade the ai^ea and phago* 
cytize cell debris and/or foreign substances. 



Phagocytosis is the engulf me nt of parti- 
cles by a polymorphonuclear neutjrpphil^Dr; 
macrophage. |^ 

The reticuloendothelial system (RES) in- 
cludes the mononuclear phagocytic cells of 
the body found primarily in the liver, spleen, 
lymph nodes, and bone marrow. These cells 
help to protect the body^ by phagocytizing 
foreign substances and so are important in 
helping to rid the body of microorganisms. 



B. KNHICHMKNT INFORMATION 
The inflammatory response to injury may 
or may not be associated with an infectious 
process. A sterile blood clot may cause an 
inflammatory response. On the other hand 
inflamrriation caused by a bacterium in the 
lung (pneumonia) is an infectious inflam- 
matory process. The inflammatory response 
includes the release of certain compounds 
which increase the permeability of small 
blood vessels (capillaries). These com- 
pounds are said to be vasoactive. 

Phagocytosis is the means by which the 
body ^<$^love8 dead host cells and debris as 
well aS foreign particles. 

The spleen, liver, and lymph nodes are 
especially important in filtering microorga- 
nisms, dead cells, and debris from the blood 
and lymph. ^ 

Intracellular fluid is returned to the 
bloodstream by means of the lymphatic sys- 
tem. The unidirectional transport of lymph 
follows a route passing through a series of 
tissues by means of lymphatic vessels which 
resemble veins. These tissues include lymph 
nodes and lymph nodules which filter lymph 
and add cells such as lymphocytes to it. 



C. PRACTICAL ACTIVITIES 



A diagram illustrating phagocytosis may 
be studied. 



13.59 Specific Immunity 



Specific immunity is directed towartl a 
specific antigen such as a microorganism Or 
its product and is dependent upon the im- 
mune system. 



13,6 Factors that Enable Mi- 
croorganisms to Cause 
Disease 

13.61 Pathogenicity 



I3«^ Virulence 

ERIC 2. J 



Pathogenicity is the ability of an organism 
to produce disease. It may involve penetra- 
tion of the host by the parasite or by its 
toxic products. 



f 

Mycobacterium tuberculosis and Staphy- 
lococcus aureus are considered pathogenic 
b^teria. 



Virulence is the degree of pathogenicity of Some strains of M. tuberculosis and S. 
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The virulence of an organism may be 
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TOPlpS AND SUBTOPICS 



13.63 Microbial Toxins 



13.631 Exotoxins 



13.()32 KnterotoxinH 



13.{)3.'i Endotoxins 



A. ESSENTIAL INFORMATION 
a given strain of a^ pathogenic organism. 
Many authors use the words pathogenicity 
and virulence synonomously* The virulence 
of an organism may be due to toxigenicity, 
invasiveness, or olher unknown factors. 

Microbial toxins are poisonous substances 
produced by a microorganism. 

Exotoxins are poisonousproteins excreted 
by certain gram-positive and a few gram- 
negative bacteria.^ ^They are released into 
their immediate environment which may be 
the circulatory system or tissue of the host. 

Enterotoxins are exotoxins which act on 
the intestinal tract of the J;iost. 

Endotoxins are part of the cell wall of 
gram-negative bacteria and are liberated 
upon cell lysis or death. 



B. ENRICHMENT INFORMATION 

aureus are avirulent. That is* these particu- 
lar strains are not capable of producing dis- 
ease, A pathogen may be virulent for one 
host and not for another. 



Toxins interfere with the normal activity 
of a host cell. 

Tetanus, botulism, and gas gangrene are 
examples of diseases caused 6y exotoxins. 
Some bacteria produce exotoxins only after 
lysogenic conversion. 



Enterotoxins may be under the genetic 
control of a transmissible plasmid, e.g.. £. 
co/i enterotoxin. 

All endotoxins produce the same general 
symptoms in the host regardless of the spe- 
cies of the organism from which they origi- 
nate. 



C. PRACTICAL ACTIVITIES 
tested by injecting it into an appropriate 
animal. For example, virulence of the pneu- 
mococcus'may be tested by injecting it into 
a mouse. 



I3.(i34 



Mycotoxins 



Many fungi produce toxins that cause 
acute or chronic intoxication or cell damage. 
Some toxins are able to produce neoplasia 
(tumors). 



Anatoxins from Aspergillus flavus mafy 
contaminate animal feed or human food and 
produce severe disease. 



13.64 Invasiveness 



13,65 Inhibition of Phagocy- 
tosis 



13.66 Survival Within Phago- 
cytic Cells 



Invasiveness is the ability of an organism 
to spread within a host. 



Microorganisms may decrease engulf ment / 
(phagocytosis) by leukocytes or macro- / 
phages by producing toxins which destroy 
these cells (leukocidin) or by producing capi^ 
sules which make phagocytosis difficult. 

Some microorganisms may be virulent be- 
cause they survive or multiply within phag- 
ocytic cells and are resistant to the phago- 
cyte's hydrolytic enzymes. ^ 



Invasiveness involves counteracting nor- 
mal host defenses or having attributes which 
help the organism spread within the host 
from the originaHstt0~of the infection. 

Encapsulated pneumococci or cryptococci 
are virulent. These same strains without 
their capsules are avirulent and more ame- 
nable to phagocytosis. 




Mycobacterium tuberculosis is capable of 
multiplying within phagocytic cells. In ad- 
dition, the infection may be spread from one 
part of the body to another by these para- 
sitized phagocytic cells. 

iology— 
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TOPICS AND SUBTOPICS 
13.67 Extracellular Products 



A. ESSENTIAL INFORMATION 
Certain bacteria produj^e enzymes which 
are involved in the infectious process. 



B. ENRICHMENT INFORMATION 
Coagulase produces cloi\formation around 
a lesion and is produced by Staphylococcus 
aureus, Leukocidin;\a substance which de- 
stroys leukocytes is also produced by S. au- 
reus, Hyaluronidase,| an enzyme which 
breads down the ground substance in con- 
nective tissue, is produced by certain strep- 
tococci. Collagenase, a proteolytic enzyme 
which promotes the spread of organisms 
through tissue* is produced by Clostridium 
perfringes. 



C. PRACTICAl/ ACTIVITIES 



14.0 
14.1 



Immunology 

Immunity 



14,12 Basis of Immunity 



14.13 The Immune Response 



14.14 Stem Cell Differentia- 
tion 



Immunity is the ability of an individual to 
resist and/or overcome a disease to which 
most or many of its species are susceptible. 
Immunity Is security against any particular 
disease, infection, or toxic agent. 

Immunity depends upon specifically re- 
active leukocytes called lymphocytes. The 
human body contains approximately 10'^ 
lymphocytes which comprise about \% of 
total body weight. Most lymphocytes are 
found in the spleen» lymph nodes, and 
Peyer's patches. 

The immune response is a specific adap- 
tive response to a foreign material such as 
an infectious agent. There are two types of 
immunity — cellular and humoral — which 
may aid in eliminating foreign material or 
rendering it harmless. 

A bone marrow stem cell is an undiffer- 
entiated precursor cell. Certain stem cells 
differentiate injto lymphocytes. Those which 
are responsible for humoral immunity (an- 
tibody) are called bone marrow lymphocytes 
or B cells. Lymphocytes which are influ- 
enced by the thymus are responsible for cell- 
mediated immunity and are called T cells. 



If an individual has had measles as a child, 
he will not get ill on subsequent exposure. 
He is immune. However, he may still be 
susceptible to other diseases to which he has 
never been exposed. 



Stem cells may differentiate into cells of 
the erythrocyte series, leukocyte series, in- 
cluding granulocytes (neutrophiles, baso- 
philes, and eosinophiles) and agranulocytes 
(monocytes and lymphocytes). 



14.2 Antigen (Immunogen) An antigen is a substance which can in- The immunizing effect of certain antigens 
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A diagram of the human lymphoid system 
and a microscope slide containing stained 
lymphocytes may be studied. 



""^"A diagram depicting the origin of T and B 
cells and their functional interactions may 
be studied. 



2^3 



TOPICS AND SUBTOPICS 



14,21 Foreign to the Body 



14.22 Nature of Antigens 



A. ESSENTIAL INFORMATIQN 

duce a detectable immune response when 
introduced into the tissues of an animal. 



Antigens are perceived as foreign to a 
host's immune system. The host is normally 
tolerant (nonreactive) to its own tissues and 
does not consider them as foreign. 

The best antigens are large, chemically 
complex macramolecules such as proteins 
and certain polysaccharides. Antigenicity 
however,' not only depends on the molecule, 
but on the host system and the specific 
conditions under which the molecule is in- 
troduced to the host. 



B. ENRICHMENT INFORMATION ^ 
may be enhanced by mixing the antigen with 
insoluble materials (adjuvant) which keep 
the antigen in the tissues for long periods of 
time, • 



The term antigen is sometimes used 
loosely to refer to viruses, whole bacteria 
and other organisms and cells used to stim- 
ulate an immune response. These materials 
actually may contain hundreds of different 
antigens. 



14.23 Antigenic Determinants 



14.24 Haptens 



14.3 



Humoral Immunity 



14.31 B Lymphocytes (Cells) 



Er|c2'.3 



Antigenic determinants are those parts of 
the antigen molecule that are actually in- 
volved in binding with antibody. * 



A hapten is generally a small molecule 
which is incapable of initiating an immune 
response unless it is linked to a large carrier 
molecule. 



Humoral immunity results from the stim- 
ulation of B cells and their transformation 
into plasma cells which secrete immunoglob- 
ulins. 



B cells are located in germinal centers 
within follicular areas of the spleen and 
lymph nodes, and a small number circulate 
through the lymphatics and bloodstream. 
The presence of immunoglobulins on their 
cell surfaces differentiate B cells from T 
cells. About 8 to 10% of circulating lympho- 
cytes are B cells. 



Antigenic determinants may be as few as 
three amino acids of a particular protein. A 
single protein molecule may possess many 
different antigenic determinants. 

Some individuals are sensitive to their 
metal watchbands. The metal, as a small 
molecule or hapten, must combine with the 
protein of the individual's skin to act as a 
carrier before the hapten can become anti- 
genic. 

Humoral immunity is especially impor- 
tant in protection from bacterial and viral 
disease. The types of infections combatted 
by B cells was determined partially by 
studying children bom without B cells. 
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, TOPICS AND subtopics' 

14,32 Sensitization Qf B Lym- 
phocytea. " • 



14,33 



ImmunogloBulins (Anti-- 
body) . e 



14,34 



Structure ^ 
globulins ^ 




Immuno- 



14,35 



Classes of Inunufioglob- 
ulins., 




A, ESSENTIAL INFORMATION 
B lymphocytes are able to recognize for- 
eign rnaterial (antigens) ^her directly or 
with the help of T lymphocytes or macro- 
phagek. They undergo ch&nges as a result of 
the reaction and are 'said to be sensitized. 
The sensitized B lymphocytes differentiate 
into clones of memory cells for future re- 
sponse and into antibody-synthesizing 
plasma cells, d 

Antibodies are immunoglobulins. Imm»^- 
lioglobulins are a specific family of hetero- 
geneous proteins which are formed in re- 
sponse to antigenic stimulation and react 
specifically with the antigen that induced 
their production. They are present in the 
humors, or fluids of the body such as blood, 
lymph, and tissue fluids. 

^Immunoglobulins are composed of one or 
more .basic units or monomers. Each mon- 

. omer contains two pairs of polypeptide 
chains; one pair is approximately twice the 
molecular weight of the other pair. The 
^ chains of high molecular weight are always 

"identical and are called heavy oHi chains. 
The Jower molecular weight chains are also ' 
identical with eacl> other and are termed 
light or L chains. 

There are five antigenically different H 
chains designated as alpha, ganmia, mu, 
delta, and epsilon., They are^^the basig/or the 
five classes pf immunoglobulins: IgA, JgG, 
IgM, IgD, and IgK There are two antigeni- 
cally different L chaoiis designated as kappa 
and lambda. .L chains are not distinct for 
any class of inmiunoglobulin, however, on 
any given immunoglobulin molecule both L 
chains are either kappa or lambda. 

Each immunoglobulin chain contains an 
aiyino terminal portion called the variable 



B. ENRICHMENT INFORMATION 
Macrophages are large mononuclear 



C PRACTICAL ACTIVITIES 



phagocytic cells which appear to be involved 
with processing certain antigens before they 
are presented to the lymphocytes. 



Older terminology for immunoglobulins 
includes gammaglobulins' sinje these l^a- 
teins migrate primarily .in the gamma ^tea 
upon electrophoresis of serum, 



The polypeptide chain^fbxe, joined txf- 
gether by disulfide bridgesT 



A <||agrauii depicting the 
basic immunoglobulin unit 



structure of the 
may be studied. 



Most classes of immunoglobulins haver^ 
been further antigeiucaUy divided ^nto Sub- 
classes. ^ ' ' itnC 



Charts listing 
inununoglobulih 



5^ 

iiie properties, 
classes may be 



of the^ five 
studied- 
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TOPICS AND ;SUBTOPICS 



14.361 V Region 



14.362 C Region 



14.363 IgG 



14.364 IgA 

14.365 IgM 

' t 



A. ESSENTIAL INFORMATION 
or V region and a carboxy tei^nal portion. 



B. ENRICHMENT INFORMATION 



C. PRACTICAL ACTIVITIES 



colled the constant or C regidp 



The V region is very heterogeneous an^' 
contains the portion of the molectde which^^^- 
combines with the antigen. The antigeo'Y 
binding site of the immunoglobulin moleci^e^ 
is formed by small numbers of amino acid ui > - 
the V region of the H and L chains. 



The C region is fairly constant as to aminp 
acids and is therefore used to antigenically 
classify the H chains into the five^ inii^uno- 
globulin classes and the L chains into^appa 
and lambda. The C region oP'the H <^i^ is 
that portion of the antibody moleci^le which 
binds complement after the molecule has 
combined with its corresponding antigen 
' (Medical Microbiology, Subtopic 14,38). 

IgG is the major immunoglobulin (80%) in 
the serum of humans and is extremely im- 
portant in providing protection from reinfec- 
tion. It is the only immunogl9bulin to freely 
pass the placental wall anc} is therefore im- 
portant in providing immunity to Jhe new- , 
bom. '■ ,p 

IgA occurs in serum but it is most impor- 
tant in mucous secretions. Two molecules of 
IgA are joined by a secretory piece and are 
called secretory IgA. This antibody is a ma- 
jor, defense mechanism du(B to its abundunce 
in saliva, ^ears,' colostrum and other secre- 
tions. 



Any given antibody molecule is specific 
for a given antigen and does not react with 
other/antigens. The heterogeneity of the an- 
tijgen^inding site enables immunoglobulins 
jto be specific for any given antigen.'^ 

A given plasma cell is committed to mak- 
ing antibody of only one specificity. 



ERIC 
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IgA aids in preventing an antigen from 
invading the body and establishing infection. 



IgM is the largest immunoglobulin and 
exists as nentamer with a molecular weight 
of^lil^prowmately 900,000. It is predominant 




I^ efficiently agglutijo^tes cells. Trans- 
fusion reactions betweeg;^b||od types A, B, 
0. and AB are a result of IgM antibodies to 
.jB^eSiy immune responses and is especially^ the different types of erythrocytes. IgM is 
'^portant in protection against infection* formed actively by the fetus and reaches 
' isea by gram-negative bacj:eria. ' adult levels in the serum by 1 year after 

birth. 
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, TOPICS AND SUBTOPICS 
14.366 IgD 



A. ESSENTliAL INFORMATION 
IgD is normally present in serum in trace|^ ■ 



ENRICHMENT INFORMATION 



' 14.367 IgE 



amounta. Its specifip. functions have yet^to 
be established; hbWever, it is the predomi- 
nant immunoglobulin on the surface of hu- 
• .v:i.^'J man'B Ijonphpcytes^ ; , 

. , - ''^'Ig^^^^^^ in even smaller amounts 

^ v^^^^'jgP^rjijjggg sensitizing antibodies are 

responsible for type l.^hypersensitiyity or 
aU^gJr*8uch'a& hayfever/They exist in high 
concentratiohs in 'allergic individuals and are 
bound to mast cells and certain leukocytes. 
Upon reaction with a specific antigen (aller- 
gen) they trigger the release of certain sub- 
stances, e.g., histajfnine, which are r^ponsi- 
ble for the signs and symptoms of immediate 
hypersensitivity. 



14.37 Mechanism of Action of 
Antibodies 




Complement 



, CeU-Mediated 

Init^^. 



Immu- 




Antibodies interfere with or inhibit the 
activities of foreign agents through mecha- 
nisms such as: increased opsonization which 
facilitates phagocytosis of microorganisms 
and other materials; cytolysis of certain mi- 
croorganisms and other cells in the presence 
of complement; neutralization of toxins; and 
preve^ition of the adherence of microorga- 
, nisms such as viruses 'to their target host 
cells. , ^ 

Complement is a system of serum proteins 
which is activated by certain antigen-anti- 
body reactions and is necessary for anti- 
body-mediated ceU lysis. Wh'fen antigen and 
antibody react in vitro, complement is also 
consumed. This is used |ithe basis of the 
complement-fixation test^^h may be used 
to detect the presence of antigen or anti-. 
body. ' 

.Cell-mediated inununity is mediated by T 
cells and is dependent on the presence of the 
thymus at birth. It is responsible for allograft 
rejections and delayed hypersensitivity re- 




Although complement consists of nw 
proteins, it is referred to as if it were one 
substance. An alternate pathway in which . 
antigen-antibody reaction is not necessary is 
also Idiown to activate complement. Com- 
plement is also important in many other 
phases pf inflanmiation. 




C. PRACTICAL ACTIVITIES 




Organ transplants%.g., kidney, he^) are ^^^^grams^ ^d projection slides 

rejected because the antigens of one individ- Ith^ architecture pf the thymus may 

uad may be different from those of another, ied. 
Lymphocytes of a recipient react with the 



showing 
be stud> 
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ICS AI*13 SUBTOPICS 



^ A. ESSENTIAL INFORMATION 

actions and is important in recovery from 
viral infections. 



B. ENRICHMENT INFORMATION 
histocompatibility antigens of the donor or- 
gan and cause rejection of the graft if the 
donor and recipient ore not compatible. 



C. PRACTICAL ACTIVITIES 



14.41 T Lymphocyteei (Cejl^) ' T cella^'are lymphocytes which have been 
' c^r' /f4J' 'i^^ 

" ' in the chemical nature of their surface struc^ 

tufe and are therefore capable of reacting 
with different antigens and causing a variety 
of effects. They do not produce antibodies,y 
Each T cell will react only with the par* 
ticular\ntigen for which it hasr^e appro- 
' priate receptor sites on its surface. Some T 
" cells assist other cell types such as B cells 
and macrophages by producing molecules 
' that regulate cell function. These T cells are 

either helper or suppressor cells. 



T cells are fou^d in the subcortical region 
of lymph nodes* and are the only type of 
lymphocytes found in the thymus. Both T 
and B cells may be stimulated by the same 
molecule. T and B cells occupy different 
areas within the same lymphoid tissue. 



's 



m 
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14.42 



Sensitization of T Cells 



A T cell which comes in contact with an 
.^antigen for which it is specific is said to be 
^committed or sensitized. Sensitized T cells 

multiply after exposure to antigen and give 

rise to clones of cells. 



14.43 Lymphokirfes 




^Acquired ^tt^^^'j^rihiu- 
nity " . 



m 



When a sensitized T cell comes in contact 
with its corresponding antigen it may release 
soluble factors (lymphokines) which play a 
role in cell-mediated immunity. Lympho- 
kines are active in localizing an infection or 
tumor » in increasing the inflanmiatory re- 
8ponse» and, ultimately, in degrading an an- 
tigen. 



There are many lymphokines. A few of 
the more investigated include: macrophage 
inhibition factor (MIF), lymphotoxin, chem- 
otaf tic factor, and interferon. 



'14;6ll Primary Resorfnse . 

^ ERLC 




Immunity attained as a result qJ|fxpoaure "^"^f 
to ahtigen is said to be acquired/igflnuriity / 
to a specific antigen may be active!^ or pas^ 
sivei^icquired. ' 

Active immunity may be acquired natu- 
.rally by having an infection or artificially by 
» an immunization proceSttre such'as vacci- 

\ / The immune response that occurs after 

"I 9 ( 
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Tpi*ic;a AND auinopias 



A. KSaKNTIAL INPOHMATION 



B. ICNHICMMIiNT INFOKMATION 



C. PHApTICAL AC'IUVrriKS 



14,512 Secondary Response 



14.513/ .^Jmniunization iViij}^^^^ 



14.51^ ' Types of Vaccines 



14.52 Acquired Passive Im- 
A /■ munity 



Initial exposure to a given antigen is called 
the primary response. With humoral >r 
munity, IgM is usually the first antibody 
produced and id detectable in about a week) 

\ 

Upon reexposure to the same antigen, the 
body produces 4i greater response in. a 
shorter period of time due to the increased i 
amount of memory lymphocytes formed 
after the primary contact. The humoral sec- 
ondary or anamnestic response produces 
IgG» and thesq;antibodies may be detectable 
for long periods of time providing long-last- 
ing protection.- 

Vaccination is the injection of substance^ 
which stimulate an immune response that 
protects the host agajnst an infectious dis- 
ease. 'The term yaccinatioii* was originally 
used to indicate inuTiUpization agamst vac- 
cinia or co\^ox 'i/ifeu^/^ivhich conf^ed pro- 
tection to smallpox vims. The injected agent 
is called a vaccine. 

Products used as vaccines include: killed 
microorganisms; attenuated 'microorga- 
nisms, i.e., organisms which are living but 
which have been altered so as to produce 
immunity but not disease; and toxoids, i.e, 
toxins which have been altered so as to 
produce immunity but not disease. 



Two or.more injections of the same-anti- 
/geifi spaced ov^r a period of time are given in 
invmunization programs to produce a long- 
lasting immunity. Tests to determine 
•whether an individual has specific anti- 
bodies to anjintigen are performed to deter- 
mine past or present experience with a spe- 
cific agent (Medical Microbiology. Topic 20). 



The exact timing of an immunization se- 
quence depends upon the type of .vaccine 
used, the route of inoculation, qnd the im- 
munological connpetence of the individual. 
Vaccines are not always injected, e.g., the 
, Sabin vaccine is tak?n orally. 



-I 



In passively acquired immunity, tfie mi- 
mune response is not produced by the host. 
Preformed antibodies may be acqu&ed nat- 
urally from the mother by the unborn child 
across the placenta, orin the colostrum after 
birth. Specific antibodies may also be ob- 
tained in 'the form of gammaglobulin or hy- 
perimmune serum which is administered by 
' injection. 



The Salk polio vaccine contains killed 
polio viru^, whereas the Sabin polio vaccine 
consists of live attenuated poliovirus. 
s \,I^^^nization to tetanus and diphtheria 
is c'arrieq out with tetanus and diphtheria 
toxoids. ' 

DPT vk^cine refers to diphtheria, pertus- 
sus, and'tetanUs and is given to infants at 2 
months of age with boosters at various^ time 
intervals. . - 

A baby will receive passively afcqii|ire(J^- 
munity to an^igeris for which ihe mother bas^^ 
chrculating^gG antibodies. 

Tetiihus is an example of a disease treated 
by immunoglobulin that has specific anti- 
bodies to the tetanus toxin which have been 
formed in another individual. ^ 
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14.61 Typo I Anaphylaxis or 



Immediuto Hypora&nm- 



. A. I^HHKNTIAL INW)UMATION 
iVotoctivo iniinvute roHpouHOH to an jufoc* 
tiouH may aim) pro<lMc:u. Hif{nincaut 

patholoKical ulToctH in the hpiit. In fact; tlio 
lmlucin((iig(mt, if any, for many deletevioUH 
uffoctH of the inununu'HyHteni Ih unknown. 
Wlj[othor or not thu immune roBponHo in 
benuficiul or (luloturioi^^;^))q ruaultant tiannu 
(lumugu is claHHlfied imo four haaic typoH: 
anapliylnctict cytotoxic, immune compl(^x, 
nnd delayed hypor»unsitivity. 

Hyporfionsitivity is tho immune response 
gone awry,^re8ulting in irritation and/or tis- 
sue damage. Immediate hypersensitivity is 
mediated by IgE and is manifest by reactions 
occurring within minutes after antigen com- 
bines with antibody. The reaction may occur 
in any member of a species and is called 
»ana^^laxis. Atopy is alao piediated by IgE. 
It iajfho hereditary tendency\tQ devel6p im- 
mediate hypersensi]Syity states such as hay 
fever and asthma to allergens such as pollens 
and insect venoms that do not Jnduce a 
^response in normal individuals. 



>ll MNIUOIIMKNT INFOUMATION 



14.62 



Type II Cytotoxi(f^Re^ 
actions 



Cytotoxic reactions involve IgG or IgM 
antibodies which bind to antigens on cell 
membranes. Compleme.nt is then activated, 
resulting in cell lysis^^ 



IgE 4iitibodlo8 are alao called reagin or 
homocytotropip anfibociies because thoy 
bind to mast cells and cause th^reloaso of. 
ya£[0activo ^substances such as histhniine 
when they.combine with adfigen. 

Anaphylaxis may be generalizedrresulting 
in shock and possibly cjeaith. Localized aha- 
, «phylaxis may occur in target organs such as 
th^p^'n, nasal mucosa, or gast^intestinal 
tract. 

People who are allergic to a specific sub- 
stance, e.g., penicillin, must receive at least 
one sensitizing dose. Reexposure to the same 
substance may then elicit the anaphylactic 
reaction. 

Allergy derisensitizing treatment consists 
of small doses of the offending allergen (an- 
tigen), which stimulate the production of 
blocking. antibodies in the serum. These IgG 
antibodies act to block or neutralize the 
antigen so that it doeb not have an oppor- 
tunity to come in contact with the cell mem- 
brane-attached IgE. 

The target for the cytotoxic reaction may 
b^„either a formed blood element (red cells, 
* white cells, platelets) Srla specific cell type 
within a particular tissue. 



14.63 Type III Immune Com- 
plex Reactions 



These reactions are a result of IgG or IgM 
immune complexes (antigen-antibody) oc- 
curring in tissue with resultant inflamma- 
tion. Serum sickness is a classic 'example in 



Treatment of diphtheria and tetanus with 
horse alitiserum to the toxins of these orga- 
nisms has resulted'in many patients devel- 
oping antibodies to the horseierum proteins 
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,14.04 Ty\)i» IV Dolayml Hy- 
purHuiuiitlvlty 



14.7 Autoimmunity 



A. MHHIWriAli INKOItMATION 
which hIkhh mil HymptoiUH dovolop nho\ii i{ 
L W()okH aftor iivftMMlou u( lovtiigii mMuiOt An* 
llH(i(i«anllbo(ly<C()iuploK(m form in thu hlood^ 
Hiroaiu aiul aru (lopoHltiKl at (llfforonl hKoh In 
thu body. , * 

Dulayud hyj[)uiHunHitivlty ruactlouH aru 
inudlatml and occur an thu ruHuU of tho 
inturautlo^m butwuun Hu^Hltl/ud T culla and 
thoir^corr^HpoudlnK antlKooH (Modlcal Mi- 
orobiology, Subtopic 14,4). Thu runctlcm 
tak^H 24 to 72 bourH to roach ItH poak. 

rolHon ivy, dotorgontH, and heavy mutalH 
atu oxampluH of .f^ubHtuncoH which may in- 
duce delayed hyporsonsitivity. Second/ an(^ 
^Bitbse^ont oxpoauruH of? the patient to the 
allergori may result in a reaction. 

Delayed hypersensitivity skin testing cle- 
tects cutaneous sensitivity to an antigen. In 
testing for sensitivity to an infectious agent 
such as tuberculosis, a positive test does not 
necessarjjy imply active infection but merely 
previous exposure. 

The body, w formally tolerant to its own 
tissue; autoimmunity reflects a loss of toler- 
ance to selfk It is specific humoral or cell- 
mediated^ imniunity to the , body's own tis- 
sues. , , i ' ' 
/^v Autoimmune disease id a clinical disorder 
dissociated with the immune response to self. . 
Examples of autoimmune diseases^ 'include, 
rheumatoid arthritis, systemic lupus ery- 
thematosus, and chronic thyroiditis. 



\\, KNIUUIIMKNT INFOUMATION 
with veHuliant mm\ MickneMH, The iiHu of 
h\unnnHoruni i[ov (reatniontof thMmtdlmMoum 
baH oMMontlally ollinlnaled thU\^H|f)ci)ndary 
Hide effect. 



In lubei-cnloHla, tho roHpooHe to th(» orga- 
nlam may lead to host ceH detitructlon and 
jfiUMe cavitation In the IvmgH, i.e., the hu- 
inune roHpoiiHe 1h the major cauHo of tlsmie 



There are many theories regarding the 
methods for induction of autoimmunity in- 
volving genetics, physiology,* immunology, 
and infectious agents as factors; however, 
the exact mechanisms remain unclg^trT* 



14.8 



Immunodeficiency 



Humoral immunity, cell-mediated immu- 
nity, phagocytosis, and complement act in- 
dependently or in concert with each other in 
Combatting infection and disease. Deficiency 
of one or more of these systems results in 
increased susceptil^ty to infectious agents. 
DeHciencies may be pongehital or acquired 
with symptomatology related to the degree 
of deficiency. 



The type of infection often indicates the 
type of immunodeficiencylpresent. Deficien- 
cies of T cells, B cells, or both are the most 
sepous disorders. Functional deficiencies ex- 
ist in which a cell or component is present 
but is not peHbrming in an adecjua^e man- 
ner. 
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TOPICS AND SUBTOPICS 

14.9 Lymphocyte^mjd 

Plasma Cell Disease 



A. ESSENTIAL INFORMATION 

Diseases which affect the leukocytes, par- 
ticularly the lymphocytes and plasma cells, 
result in ImmunologicdLl abnormalities. In 
multiple myeloma for example, there is a 
malignant transformation of a single clone, 
of plasma cells, resulting in th^ pro^ductioh 
of an abnormally high leyel of a monoclonal 
(one « specificity) immunoglobulin. Patients 
with myeloma often present with recurrent 
infections since they do not have enough 
normal immunoglobulins to combat disease. 



B. ENRICHMENT INFORMATION 



C. PRAcflCAL ACTIVI^ES 



15.0 

15.1 



15.2 



Medical Bacteriology 
Disease- Producing Bac- 
teria 



Pyogenic Cocci 



Although myriad numbers of bacteria in- 
habit the earth, only a comparatively small 
number of species are capable of causing 
disease. 



pyogenic cocci cause a variety of infec- 
tions which involve suppuration (puS pro- 
duction). 



Bacteria are ubiquitous, and most species 
are not involved in disease production. How- 
ever, most treatable infectious diseases are 
probably caused by bacteria. 



Projection slides, motion pictures, and 
stained microscope slides of medically im- 
portant bacteria are available. 

Culturing and examination of. live patho- 
gens are not recommended for the untrained 
microbiologist as serious disease may occur.- 
In many cases other ba(?teria which may be 
used safely in the student laboratory are 
listed. / 



15.21 Gram-Positive Cocci 
(Bergey's #14; refers to 
the category of Bacteria 
as given in Bergey's 
Manual of Determina- 
tive Microbiology) 



15.21 1 Staphylococcus 



Staphylococci ar^ arranged in grapelike 
clusters and form large opaque gold to white 
colonies. S. aureus is a pathogen which is a 
transient inhabitant of the anterior nares of 
an appreciable percentage of the population. 
It produces many toxins and enzymes in- 
cluding coagulase, leukocidin, and entero- 
toxin. Staphylococci are the most common 
cause of wound infections, boils and other 



Disease^ produced include boils, ab- 
scesses, impetigo, pneumonia, meningitis, 
and septicemia. Staphylococcal infections 
t^nd to be more localized than other py- 
ogenic infections such as streptococcal infec- 
tions. 

Staphylococci are a common cause of food 
poisoning due to consumption of preformed 
enterotoxin in food which has been im- 
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S. epidermidis is recommended for labo- 
ratory experiments involving staining, colo- 
nial, and biochemical characteristics. 

Slides of coagulase production by S. au- 
reus may be projected. 



TOPICS AND SUBTOPICS 



' A. ESSENTIAL INFORMATION 

acute pyogenic (pus-producing) infections in 
humans. i3. aureus is differentiated from 
'other staphylococci oh the basis of its coag- 
ulase production. - 

Coagiilase-negative staphylococci such a? 
S. epidehnidia are part of the normal skin 
flora .bui may also cause disease such as^ 
subacut^bacterial endocarditis. 



& ENRICHMENT INFORMATION . 

.properly handled and contaminated with S. 
aiirjsua. 

S.Mureus^ especially methicillin-resistant ^ / 
strains," is ah important cause of nosocomial 
infections. Antibiotics can be used to .treat 
staphylococcal disease, but susceptibility 
testing* should be performed due to pr^va- ^ 
lence of f)lasmid-associate^^ntibiQtic resist- 



C. PRACTICAL ACTIVITIES 



^15.2J2 Streptococcus (other 
than S. pneumoniae) 



^Streptococci are arranged in chains and 
produce small, translucent colonies on solid 
media. Streptococci are abundant in nature, 
and ^ome are often members of the normal 
flora" of the mouth and intestinal tract. The 
streptococci ^may be divided ihto three 
groups'accprding to their hemolytic activity 
on blAod a^airplates. Hemolytic streptococci 
ma>rbe serologically grouped (A to O) based 
on the C carbohydrate of their cell wall 
(Lancefleld typing). 



Nfajor- diagnostic tests include determi- 
nation of hemolysis type (alpha-hemolysis, 
greening of erythrocytes; beta, clearing of 
cells; gamma, no dhan^), and serotyping. 



Projection" slides showing hemolysis may 
be shown. 



15.213 Streptococcus pyogenes' 



' S. pyogenes (beta-hemolytic, group A), 
elaborates a wide variety of toxins and en- 
zymes which are believed to be involved in 
its extreme invasiveness and^isease produc- 
tion. The M protein in the cell wall aids in 
preventing phagocytosis of the organism^. 

The streptococci produce a wide variety 
of acute, fulminating infections and chronic 
diseases. The common **strep throat" is the 
best known of these. Human cases and car- 
riers are the source of infection of S. py- , 
ogenes. 



Diseases produced by S. pyogenes include 
septic sore throat^^scarlet fever, endocarditis, 
urinary tract infections, and wound ir^ec- 
tions. Impoirtdnt sequelae include rheumatic 
fever and glomerulonephritis; Group 3 
streptococci are a major cause of meningitis 
in infants. Alpha-hetoolytic streptococci are 
normal inhcfbitants of the upper respiratory 
tract but may cause disease such as subacute 
' bacterial endocarditis. , ' 

Penicillins are generally used m treatment 
of streptococcal disease. Enter6obcci are 
part of the normal flora o|^ the gastrointes- 
tinal tract. They may cause disease when 
displaced into other body tissues, 'ph^gnentep^ 
ococci ar« resistant to penicillin. 



Prepared blood agar plates may be pur- 
phased. Throat swabs inoculated onto blood 
agar plates may exhibit hemolytic zones. 



15.1214 



Streptococcus pneumo- 
(the Pneumococ- 



niof 
cus) 



J 



The pneumococci are lancet-shaped al- S. pneumoniae are often differentiated 
pharhemolytic diplococci that sometimes oc- from other alpha-hemolytic streptococci by 
cur in short chains. \^iiilent strains are ^n- ^ their susceptibility to optbchin. 
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Projection slides showing susceptibility of 
this organism to op^chin disks may be stud- 
ied. Films showing resistance of encapsu- 



233 



TOPICS AND.aUDTOIMCS 



^ jC naSKNTIAL INFOI»MATION 

capaulnted, dnd ovor 85 fltrnina have boon 
^ idontiftj^l QccoVding to capsular antigon. S, 

.pneumoniae can bo a mombor of tho normal 
flora of the upper respiratory tract of hu- 
mans, who then act as carriers.- | 

This is tho most common agent of ITacte-* 
rial pneumonia, especiall:/ in young aij^^el- 
derly patients, ind is still a , major a^s6 of 

'death in the United States. The viruTel^ce of 
the organism depends upon the presence Qf 
the capsule which prevei^fa miagocytosis, 

' thus permitting multiplicatioiLpf the orga- 
nism in infected tissue. 



15.22 



Gram-Negative 
(Sergey's #10) 



15.221 Neisseria 




15.222 ^Neisseria gonorrhoeae 
(the Gojiococcus) 



15.223 



UC 



^ ^ n. gNmCHMPNT INFOIlMATION 

A poniiivQlont 'capnular yacoind is avail- 
^ ablo for irnmunizaJtion against st^rains that 
cause 90 to' 95% of IJ.S. infections. 
\ Penicillin is the antiBiotic of choice, fol- 
lowed by erythromycin. 



NeisseY-ia meningitidis 
(the Meniilgococcus) 



Y • 



This genus consists of kidney-shaped dip- 
lococci somfevhat flattened along adjoining 
sides. Some species are normal inhabitants 
of the respiratory tract and occur extracel- 
lularly, whereas the humali pathogens occur 
♦intracellularly. ^ ' 



' N. gonorrhoeae, i^e gonococcus, Causes 
gonorrhea, a highly contagious; sexually 
transmitted disease.* The gonococci attack 
miiqous membranes' of the genitourinary 
trkct^nd produce acute, pus-filled lesions 
which may result in chronic, inflammation. 

Both women and men ifiay be asympto- 
matic-carriers. The only natural host for 5!f. 
gonorrhoeae is the human. Gonorrhea now 
occurs in epidemic numbers, with the high*- 
elf incidence in the 20- to 24-yearag©'group, 
' The infection ratf ^can be reduced by early 
diagnosis and treatment of cases and sexual 
ccmtacts and by education. 



ese organisms are strict Probes but the 
pathogenic spegies grow best in an enhanced 
COa environment such as a candle jar. 

The pathogenic Neisseria are extremely 
labile and require special media. 

V . ■ ■ 

* Gonocpccus infection of the eye (ophthal- 
rtiia neonatorum) is, acquired by newborns 
during passage through an infected- birth 
canal if not^prevented by application of sil- 
ver nitratp onto thfe eyes immediately after, 
delivery. Penicillin G or ampicillin is the 
drug-of choice in treatment of N, gonor- 
rhoeae infections, but penicillin-resistant 
strains have recently become apr'q^lem. 



N. meningitidis is an obligate parasite of 
humans and is found as part of the transient 
flora of the nasopharynx in up to 25% oif the 
population. 

From the nasopharym^ the meningococcus 
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Microscopic observation of organisms in 
thfe cerebrospinal fluid permits presumptive 
evidence of bacterial meningitis 'and indi- 
cates proihpt chemotherapy. Penicillin G is 
the antibiotic of choice. - 



C. PRAOTICAL ACTIVITIKS 
lated organiflms to pliagocytpsis are avail- 
able. 



.1 



Nasal swabs may be cultured on agar 
plates and then tested for oxildase-positive 
colonies demonstrating normal fTora such as 
Brarvhamella (Neisseria) catarrhalis, 

A typical candle jar may be demonstrated. 



Microscope slides with stained smears 
from the local venereal disease clinic show- 
ing gram>negative intracellular diplpcocci 
may be examined in the laboratory. 



15.31 Chatridium 



15.31 



1 C/o.s/rtfl^i//fl^ botulinUm 




15.312 



Clostridium tetani 



A, I'lHHKN'riAl^ INKOUMA'IMON 



II KNHICUMI')NT INKOUMATION 



niiiy Hprond to cuhtviU uovvouh HyHluui 

m f^xt al in 70 to 100% of patiuntH, and duatli 
f\\\\y occin' in 24 hoiUH* " 

Thui\u organianifl avtJ BapvophyteH or intoH- 
tinajj^ommtJUHalH of wunii^bloocltK^ animalH. 
Tho't^porcH may remain viable in Hoil for 

The gloatridid aro large gram-positive, 
spore-forming, )inaefobic bacilli. Thoy pro- 
duce powerful exotoxins and enzymes. They 
are fi'eo- living inhabitants of soil. In addition 
manv are normal commenaala of the intes-. 
tinal tracts of humana and animals. These 
organisms are not highly invaaive but may 
produce disease by elaboration of highly in- 
jurious toxins. * 

The botulism bacillus produces the most 
potent neurotoxin known- The toxin acta by 
blocking transmission of nerve impulses to 
'the rnuscles. 

Botulismtis an intoxitfation resulting from, 
ingestion of improperly preserved food in 
wliich potiilinum has grown and produced 
toxin. A I 

The organisrii tio^s not have to be present 
to causP the disease. 



This prganism produces round terminal 
spores which give the organism a characteTf 
istic "drumstick** ap^.eorance. 

C' 'teta/ii is not an invasivevojganism. 
When accidentally introduced vil^a p^nei- 
trating wound, the fpor^ germinate^d th^ 
organisms multiply.^ tw^J^acill^ remain lo- 



.1 



^nd ^tetanus 



calized but produce sm^^yj^m^ — v^^..^ 
(lockjaw) results.* Tt>^<^toii?^ believed to 
travel by way of th^^m^^tor -nerves to the 



Differentiation of species within the genus 
is by colonial appearance, morphology of 
spores, and biochemical testa. The antigenic^ 
type of toxin is identified by neutralization 
with specific antiseruln- ^ 



) 



C. tetamtnoiphitna may be grown on 
plates in- anaerobic jur8 or grown anaercjibi- 
cally in thioglycolate broth. Its morphology 
is similar to that of C tetdnl 



Botulism is a neurological disease, and 
gastrointestinal symptorpa are slight or ab- 
sent. The mortality rate is high but occur- 
rence of the disease is rare. The toxin can be 
inactivated by heating to 100°C for 20 min- 
utes. 

Epidemics of botulism occur when im,- 
properly home-canned or conuneVicaUy 
canned foods are served without adequate 
cooking. Infant botulism results^ frpm toxin 
formed by C.'botulinurn present in*th«kfeUi- 
testinal tract. Botulism i^ treated with spe- 
cific antitoxin: 

Clinical diagnosis with bacterial confir- 
mation is difficult because of the few orga- 
nisihs present. ^ 

This is a preventable disease. Prevention 
depends on active inununization with toxoid 
to stimulate antitoxin production. Diphthe- 
ria toxoid, killed pertussis organisms, and 
tetanus toxoid are the three antigens admin- 
isteredin a DPT immunization. A "booster** 
injecticgn may be given to a previously im- 



Projection slides or films may be shown to 
illustrate the epidemiological principal of 
this foodborne disease. 

L. 



Projection slides showing the endospbres 
or victims 6( the disease n^ay be shown. 
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15.32 Bacillus aitthracis 



A. KHMI^NTlAh INKOUMATJON • 

brain m\ f^pinal t'oni, Uy intmlVrlUfJ fl^'^ 
HynMplU' tnuuunlHHion it iuoviuiHtJn ojtullabll- 
ity of motor jun voH aiul procUiogM uoiwuNvo 
(M)ntva^i5tfi\nJ^ of voluntary numoltJM. 

Tho nioHt iiounnon HpeoicH of clontridin 
wliich produce the (liHuaHu ijoh yflUKr*'^^ ^^^^ 
G pvrfrin^vHH, C, novyi, and C, Huptiom^ U\ 
gnH gangrciuci. a uilxod infoctioa in tli« vulu. 

Gafl K*"**?*"""" dovolopH after ftporoH ('on- 
tainod in Hoil are iatroduuodf^luto 0 d<J<^l> 
wound in which necrotic tiflauo h«H ^'cvfjl- 
opcd. A« t*^" organiflmH multiply, carhohy- 
dratcfl arq formcntcd and gaa ia productJcI 
which cauflos diHtonflion of tissue an<l intur- 
forcnco with tho blood supply.' Tho orga- 
nisms also socroto necrotizing toxins a^^d 
hyaluronidaso, which favors sptead of infec- 
tion. This kills tissue and results In gflngrone 
(local deatly^ tho tissue) . 

' The antjjrax bacillus is a large aerobic 
gram-positive spore^forming rod. Anthrax is 
primarily a disease of sheep and cattle but 
may be transmitted to humana as an occu- 
pational disease of hide and wool handlers. 
In hun^ans, anthrax may produce pulmonaty 
cutaneous infections- which may lead rap- 
idly to septicemia and death. 



H; |i]NUU:iIlMKNT INTOHlClATION 
numiv;od indlvi(hial who lian i^jcelved a puu- 
iM ral lug W()uu(|, TrtJatnu»nt of totanua la with 
t<)ianuH antitoxin and penicillin. 



Haugreno Ih oftou progreHaive and may 
nDCuHaltate amputation of a Ihnb. Troatnuau 
()(' gau I gangrene Involves surgical debrlde- 
mant, antimicrobial drug therapy, and po- 
lyvalont antlHoruiri. Prevention inclu((vH 
otuiy and adequatw cleaning of the wound. 

In addition to gas gangrene, C, pvrfrin^anH 
also produces an ontorotoxin which wl\en 
ii\gefltO(l in food Induces profuse diarrhea. 



0, puAOTidAb A(rrivrrii*:iH 



Virulent strains of the organism produce 
rough colonies (non-encapsulated orgaj 
nisms) t)n laboratory media. In the presence 
of CO2 or in the body capsules are* formed, 
TMb virulence of the organism depends on 
the presence of the polypeptide capsule and 
possibly the exotoxin which is produced. 
^ Diagnosis depends on finding the large 
bacilli in blood or tissue smears. Spores are 
not Seen. The bacilli may be identified by 
the fluorescent antibody technique. Penicil- 
lin may be used to treat anthrax. 

Historically this organism was used by 
Robert Koch in estabfishing his four postu- 
lates of the bacterial etiology of a disease. 



Projection slldca showing tho pathology of 
thUlMlHeaae may he shown. 



1/ 



ate 



B. subtilis may be used to demonst^te 
some ot^he characteristics of this genus. A 



15.4 Antinomy cetea and Re- 
lated Organisms (Ber- 

15.4 1 Ai^^^nomycetciles 



2* \ 

ERIC 



\ 1 



^hese bacteria are gram-positive and may 
produce branching filaments although th^y 
commonly have diphtheroid morphology. 



The four medically important genera are 
Actinomyces, Nocardia, Streptomyces, and 
Actinomadura. These bacteria are related 
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Streptomyces griseus may be used to 
study some of the characteristics of the Ac- 
tmomycetales. 



2Di' 



TOI'ian AND HUHTOriUM 



15.4 1 1 ActinnmyvvH innwlii 



15.412 Nocardia asteraides 
and N. brasiliensis 



15.42 Mycobacterium 



ERIC 



A. ltlHHIi]NTIAIrlNI'X)nMAT!ON 

MiMUo Mio acid ImmI uiuI hoiuo lUiJ <nuu>i ol^i\ 
rin' Av/immiyrvtidofi iwv I'ound in (ho mW, 
nU\ 01' niM.v h(i purt oHho nininnl IIoim ot 
many uniumlM and huiutum. InlVu tionrt |)rn> 
, (lucod by thoHo orKiudHniH iwv lntVo(}iioM(, ' 



TldH (U'Kanbini Ih ncMi'Mcid iMMt i\\u\ 
immiif^^- mtmoUic, It inmim i\t\ a noinial 
connntmMal In (ho month and In conHldoiod 
I'olativuly nonlnvaHlvo, In (iHmio It, wv.uvh m 
niyoolia mnronndod hy Huppnndlvo Inllaub 
m/itovy luatorial which prodncoH "Hidlnr 
granuluH." * 

Unman actlnomycoHiH Ih a chronic Hnp^ 
puratlvo and granulomatouH dlHoaHo occnr^ 
ring- in the jawH, hmgn, or iloocaocal region. 
Infection In the head or nock area often 
followH a tooth extraction or d^^ntal mirgery. 
l1io infection Hproada by direct extenHion 
through draining tracts, 

These organisms are aerobic and many 
strains are partially acid-fast. They are 
found in. the soil and are not part o£ the 
microbial flora of humans. The nocardiae 
probably enter the body through the respi- 
ratory tract or through breaks in the skin. 
Nocardiosis is an opportunistic pulmonary 
disease that may spread to other parts of 
the body. 

These organisms are acid-fast, strictly 
aerojbic rods which frequently show deeply 
staining granules and often occur in clumps. 
The mycobacteria do not stain well with the 
Gram siain. They occur a^ saprophytes and 
pathogens of humans and animajs. 

The mycobacteria are rich in lipids which 
are concentrated in the cell wall. These lip- 
ids are partly responsible for the acid-fast- 
ness of the organism, the host's cellular re- 
action to the tubercl^ bacillus and the tend- 
ency of the organisms to clump. 



H. |i]NUIi'I(Mli]N'r INKOHMATION 

((> (ho <'(M'ynol)ar(tM'ia and \\w inycolHulorla 
and Muporni'iallv rom>inl)h» \\\\^ >M^\\\^^ 
hookh on nKMllral ini(*r,i»l)ioloHy dint urm din 
oamwi priMlurod hy \'\{inuimyrvtidi'fi \\\\- 
dor (ho funH^i^^ dihoam^H, Many andhintich 
arc produoiMj hy .SV/y/i/o'ji.miiM^pp. 

A(itu\orny(U)tiiM (leprlvo hoHt tUimnj (d,iu(- 
trfcMidti, thoi'ohy ('auHlitg Hhmuu and jioll iu\- 
tiroHls. ldoatil'l(;ation of /\. innwlii ij\ goner- 
ally by IhiovoMcont antibody ptticodnroH. 
Tro/U niont (U)nHlH(H of prolongod adininiatra^ 
lion of poniclllin and mn gical drainage of t he 
lesionHlf necoHHary. 



a iMiAtHMOAi Acrivrrii!)H 



The organism has a pre(lile\tion for the 
brain, and. abscess formation ma>N}ccur by 
sprefid of the organism through the^blood- 
stream. Actinomycetoma may also be 
caused by these organisms. Treatment is 
with sulfonamidef}. 



The organisms are slow growing 
quire special m6dia. Identification 
bacteria species is by biochemical cli 
is tics. 



nd re- 
f myco- 
racler- 
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Af. smegmatis may be safely cultured to 
^how the slowly growing waxy colonies and 
the acid-fast rods which tend to stick to- 
gether. 

Prepared microscope slides showing my- 
cobacteria stained with fluorescent dye may 
be studied. 



'L'G 



TOmCS .AND SUBTOPICS 
15.421 Mycobacterium tuber- 
culosui (15|ibercle Bacil- 
^ lus) 



A. ESSENTIAL INFORMATION 
The tubercle bacilli enter the body 
through the lungs and are ingested by phag- 
ocytes. Intracellular multiplication follows. 
Progressive damage to lung tissue occurs 
through a complex series of events. During 
this time, delayed hypersensitivity develops 
and the disease may become .^^ested or 
progressively spread through the lungs or 
throughout the body, depending on host fac- 
tors. 

Malnutrition, poor sanitary conditions, 
crowding, and hereditary susceptibility are 
all factors which predispose the individual 
to active tuberculosis. 



B. ENRICHMENT, INFORMATION 

Tuberculosis is typically a wasting disease 
and was originally called consumption. 
-The lung becomes extensively damaged 
before death. The human and bovine tuber- 
cle bacilli (Af. tuberculosis and M. boviSy 
respectively) are the most conmaon causes 
of tuberculosis. There are many other spe- 
cies of mycobacteria which produce disease 
opportunistically in humans, ^ 

Prevention and control of cases are of 
primary importance. These measures in- 
clude detection by mass sprvey, treatment 
o^ cases, elimination of tuberculosis in cattle, 
and pasteurization of milk. 

Detection is by skin test Which shows 
delayed hypersensitivity to a purified pro- 
tein derivative (PPD) of the organism. This 
is followed by X-ray examination of skin 
test-positive individuals. BCG vaccine (an 
attenuated bovine organism) provides sotne 
level of immunity after its inoculatio^^^^ 
tuberculin-negative individuals who becoip^- 
\ tuberculin positive. The vaccine is not com- 
monly used in the United States. 

Treatment involves isoniazid, ethambutol, 
rifampin, and streptomycin. 



^ C, PRACTICAL ACTIVITIES 
Projection slides of the organism and of 
patients with tuberculosis may l)e shown. 



15.422 Mycobacterium leprae 



15.4.1 (\irynebacterium 



^ 2 ' 
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M leprae is the etiological agent of lep- 
rosy, a chronic granulomatous infection 
largely confined to tropical countries. 

These granular gram-positive rods are 
dub shaped and, because of mcomplete fis- 
sion, produce V and Z forms. 

This genus includes C diphtheriae, the 
causative agent of diphtheria, and a number- 
of commensal diphtheroid bacilli found in 
the upper respiratory tract or the skin. C 
diphtheriae is not invasive and grows pri- 
marily in the pharynx where it produces a 
powerful protein exotoxin which blocks pro- 
tein synthesis and causes the symptoms of 
the disease Only strains of C diphtheriae 



Diphthena is characterized by the pres- 
ence of a grayish necrotic pseudomembrane 
in the throat and the production of toxic 
damage to the heart and central nervous 
system. Paralysis of the throat, eye muscles, 
and. severe damage to the heart are frequent 
sequelae. Active immunization with diph- 
theria toxoid is important in prevention of 
the disease and is administered routmely in 
the United States m DPT vaccine Diagnosis 
includes demonstration of the specific toxin 
produced by the isolated organism Treat - 
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Corynebacterium sp, may be isolated from 
the throat or C^^xerosis may be purchased 
and used in the student laboratory Each 
will show pallisades, Y and Z forms, and 
clubbmg of organisms 
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TOPICS AND SUBTOPICS 



15.5 Gram-Negative Rods 

15.51 Gram-Negative Faculta- 
tively Ariaerobic Rods 
{Bergey 's #8) 

15.511 Enterobacteriaceae 



15.5111 Escherichia 



15.5112 Klebsiella 



15.5113 Serratia 




2 'J 



A. ESSENTIAL INFORMATION 
which h%ve undergone lysogenic conversion 
produce the exotoxin. Diphtheria is acquired 
by inhaling bacilli contained in droplets ex- 
haled by infective cases. 



B. ENRICHMENT INFORMATION 
ment includes early antitoxin administration 
and penicillin. 



C. PRACTICAL ACTIVITIES 



Many of these short bacilli ar^ part of the 
normal intestinal flora of humfiiiis and ani- 
mals. The pathogenic mechanism of these 
organisms is uncertain but has been attrib- 
uted to include endotoxin^ which all contain, 
and to exotoxins, which some produce. 

There are many genera and species of 
Enterobacteriaceae which are important as 
opportunistic pathogens; however, only a 
few examples will be given in this outline. 

E. coll is a normal commensal in the in- 
testinal tract, but it may invade opportun- 
istically and cause infection in many organs 
of the body such as the bladder,' appendix, 
and kidney. Certain strains may produce 
enterotoxins which cause traveler's diarrhea. 
Some strains may also produce epidemic 
diarrhea in babies and infants. 

Klebsiella typically produces a well-de- 
fined capsule and profuse mucoid growth on 
solid media. K. pneumoniae causes a de- 
structive type of pneumonia and is a second- 
ary invader of the respiratory tract. This 
organism occasionally may produce suppu- 
rative infections in many parts of the body 
and may be responsible for infections of the 
urinary tract! \ 

The type species is S. marcescens, which 
may produce red pigment on cultivation. It 
is'^an opportunist, and nonpigmented strains 



This bacterial family exhibits diverse met 
abolic activity. All members ferment glu- 
cose. Endotoxin is a potent pyrogen (fever- 
producing substance^. Since antibiotic sus- 
ceptibilities of the Enterobacteriaceae 
strains vary tremendously, testing should be 
performed on all isolates. 



E. coli is used as an indicator organism, 
providing evidence of fecal contamination of 
water supplies and prepared food. It is the 
most widely st^udied bacterium and is em- 
ployed in recombinant DNA research be- 
cause its chromosome has been mapped in 
detail^ 



K. pneumoniae is primarily parasitic but 
may be found as a commensal of the upper 
respiratory and intestinal tracts in humans. 



A wide variety of biochemical tests are 
performed to identify the Enterobacteria- 
ceae. A few of these may be performed in 
the laboratory as time permits. 

Many commercial identification systems 
may be used to identify these organisms. 



Serratia strains are found commonly in 
water and soil. Serratia strains are often 
resistant to many antibiotics. 
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Eosin methylene blue (EMB) plates may 
be inoculated with E coli to show typical 
colonies and green metallic sheen. 
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TOP^Ofi AND SUBTOPICS 



15.5114 Proteus 



15.5115 Salmonella 



15.5116 Shigella 



15.5117 



Yersinia 
pestis 



^ A. ESSENTIAL INFORiy^TION ^ 

have been the cause of nosoo^riial infec- 
tions. It causes urinary and respiratory tract 
infections and septicemia. , ^ ' 

The typ^ species is P. vulgaris. Its cul- 
tural characteristics include a tendency to 
swarm over the agar surfaces. These oppor- 
tunistic organisms may causei^vere inf^c-t 
tions ofjjthe urinary tract and wounds. 

The salmonellae are parasites of the intes- 
tinal tracts of humans and animals, incUid- 
ing birds. These . organisms are spread in 
food or water via the fecal-oral route, pro- 
ducing a clinical or subcUnical infection. On- 
• set of symptoms coincides with Hberation 
of a large number , of organisms into the 
bloodstream. S. typhi produces the most se- 
rious disease, followed by S. enteritidis and 
S. choleraesuis. 

Improperly handled raw meat, poultry, 
shellfish, *or cracked eggs may serve as 
sources of infection. Food handlers or ex- 
creta from infected rats or mice may also be 
sources of infection. 

Although (jrtfe shigellae are found in a few 
primates, humans are thought to be the sole 
reservoir ofdnfection. The shigellae produce 
bacillary dysentery, with infection limited 
almost entirely to the gastrointesmial tract. 
The most common species are S. flexneri 
and S. sonnei. All species are pathogenic by 
way of endotoxin released upon autolysis. 
Shigella infections are acquired by the oral 
route from feces of human cases or carriers. 



{Pasteurella) Y. pestis is a small bacillus showing bi^Jp- 
lar staining and causes plague in humans 
and animals. Some strains are highly viru- 
lent. Plague, a disease of rats and other 
rodents including the ground squirrel, is 



B. ENRICHMENT INFORMATIOfi 



These free-living organisms of soil and 
water frequently inhabit;, human intestinal 
tracts. They are often resistant to maiiy 
antibiotics. 



The salmonellae* cause three main types 
of disease, but mixed forms are frequent; 
enteric or typhoid fever, in which the sal- 
monellae are ingested with food or drink, 
enter the intestinal tract, pass through the 
lymphatics to the bloodstream and are d^- 
jtributed to many organs; septicemias, which 
may lead to local suppuration; gastroenteri- 
tis ("food infection"), due to S. enteritidis 
serotype typhimurium and other serotypes. 
During the first 2 to 3 weeks of thje enteric 
fever the patient's blood is cultivated to 
isolate the organism. 



C. PRACTICAL ACTIVITIES 



P. vulgaris may be g^^wn on agar p^ftes , 
to show swarming. Motility of the organism 
may^/be detected in a w4]b moui\t observed 
undelj* a microscope. *V 



Typing of S. gallinarium may be used as 
a demoB^tration of serotyping of salmonel- 
lae. 



\ 

S. dysenteriae causes the most serious 
disease and produces an exotoxin which has 
neurotoxic and enterotoxic properties. The 
resulting bacillary dysentery is an acute in- 
flammatory condition that leads to ulcera- 
tion of the large intestine. No bacteremia is 
produced. 

Diagnosis is by cultivation, with differen- 
tiation from the salmonellae. Ampicillin or 
chloramphenicol may be used for treatment 
but the disease is usually self- limiting, and 
only fluid replacement may be necessary. 

There are three clinical types of plague: 
bubonic, which causes enlargement of re- 
gional lymph nodes; pneumonic, which may 
lead to bronchopneumonia; and septicemic. 
Prevention includes control of rats and their 
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Prepared microscope slides showing bi- 
polar staining may be studied. Projection 
slides of fleas, rodents, and humans with the 
disease may be shown. 



TOPICS AND SUBTOPICS 
i 



15.512 Vibrionaceae 
15.5121 Vibrio 



A. ESSENTIAL INFORMATION 

transmitted by ilea bites from Jgjic"^ 
rocjent and from rodent to humaSSl^ 



to 



The vibrios are comma-shaped, motile 
bacteria. The most important species is V, 
cholerde, which causes cholera — a disease 
endemic in parts of Asia and Africa. 

Cholera is a violent infection of the intes- 
tinal tract causing loss of gallons of water 
within a day or two. A general invasion of 
the body does not occur. 



B. ENRICHMENT INFORMATION 

fleas. The most effective drug is'streptomy- 
cin. 

Y. enterocolitiiff'iStTesMtiBSAe for an in- 
creasing numbeV of caste of bacillary gas- 
troenteritis and bacteremia. Swine, dogs, 
and humans may be the source of infection, 
y. pseudotuberculosis produces infection jn"' 
birds, rodents, and other animals that is 
rarely transmitted io humans. Disease is 
often chronic and associated with nodules 
superficially resembling tubercules that oc- 
cur in the intestine or abdominal organs. 



In cholera, an enterotoxin is responsible 
for the outpouring m fluid from the intes- 
tinal tract. This potent protein stimulates 
excessive formation of cyclic adenosine 
monophosphate, causing the intestinal wall 
to secrete electrolytes and water into the 
lumen. The disease is spread by water con- 
taminated by human feces. 

Effective treatment of cholera is by oral 
administration of a balanced salt solution 
containing glucose. K parahaerjiolyticus 
causes acute (enteritis after ingestion of con- 
taminated seafood. 



C. PRACTICAL ACTIVITIES 



15.52 Bergey^s "Genera of 
Uncertain Affiliation** 

1 b.b2f4;^aemophilus 
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This genus consists of tiny coccobacilli 
which require one or both of the growth 
factors known as X (hemin from blood) and 
V (nicotinamide adenine dinucleotide 
[NAD]). CO2 enhances growth. Some of 
these bacilli produce sate^itism around S. 
aureus or certain other bacteria which ex- 
crete large amounts of NAD. 

The none ncapsula ted form of //. influ- 
enzae is a part of the normal respiratory 
flora of humans. The encapsulated form, 
especially type b, produces suppurative res- 
Medical Microbiology— 119 



Transmission is from person to person by 
the respiratory tract. H, influenzae was mis- 
named and does not <:ause influenza which 
is a viral diseaise. 

Dis^Eises caused" by other species include 
pink eye {H, aegyptis) and chancroid, a ve- 
nereal disease (//. ducreyi). 



Projection slides of Haemophilus spp. 
showing satellitism and need for X and/or 
V factors may be shown. 
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' Topics" ai3d SUBTOPICS 



^ A./SfiJSNf i'^L INFORMATION 

pirator^v^ai^/ihfections, including middle- 
^ ^ - eay^^ioris and Yneningitis in young chil- 

^ ' * * , ^^^^^^^ meningitis is Wghly fatal 

15.53 Qtetn-Negative Aerobic ' .;.i%ese bacilli are primarily nonenteric op- 
Upds {Bergey'8 ^'^) 'portunistsYespotisiblefoj' diverse infections. 



15.531 Pseudorfionas 



15.&32^ Francisellci [Paateu-i 
relic) tulannsxa 



15,533 brucella 




3JJ 



The pseudornonads are plant p^athogens 
or fr6e-living organisms of soil and water 
that may be pai^ of the normal flora of the 
skin and intestinfe^of humans. An important 
species is P. aeruginosa- It causes wo^nd 
and urinary tract infections and is an impor- 
tant cause of nosocomial infections. 



This organism produaSs tularemia or rab- 
bit fever, a disease of rocfents transmitted by 
various arthropods such as certain flies, 
ticks, arid lice. * ^ ' 

rtuixians develop the infection after han- 
dling, eating, or skinning infected animals or 
by drinking vfater contaminated by them. 
The bacilli eri^r the host via the arthropod 
bite or through the respiratory or gastroin- 
testinal tract, r* ' 

The disease produced by rapid invasion 
of the host and multiplication of the-badlli 
in many tissues. 

The brucellae are obligate parasites of 
^itnals which causey undulant fever in hu- 
mans. The infectious agents are primarily 
the animal pathogens B abortus in co^^B, 
sui^ in pigs, B' melitensis in goats, and B. 
canis in dogs.' ^ 

In animals the bacilli are localized in the 
mammary glands and transmitted via milk, 
or they are locaii^ed in the genitalia. Farm- 
workers or veterinarians may become in- 
f6«ted by handling contaminated material. 
Sensitivity to endotoxin may play a role in 
the pathogenesis of brucellosis. 



fi. ENRICHMENT INFORMATION 
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C. PRACTICAL ACTlVITIEl 




\ 



Pseudomonas infections are common in 
burn and immunosuppressed patients. P. 
aeruginosa grows at room temperature and 
produces ^ water-soluble blue-green pig- 
ment. P, aerugendsa is the prototype of a 
group of organi^nis termed nonfermenters 
since they are generally aerobic and fail to 
ferment glucose. 

Clinical disease may be localized at the 
portal of entry such afl the eye, skin, or lungs 
where granulomatous lesions occur. Bacter- 
emia with pneumonia and septicemia may 
follow. Diagnosis is by serology or, iA acute 
cases, repeated blood cultures may allow 
cultivation of the organism. 

Tularemia can be prevented by taking 
proper precautions with wild animals and by 
adequately cooki^^g infected meat. Control 
measures iriclilde control of rodent popula- 
tions and surveillance of animals. 



. Thfe disease in humans is characterized by 
a long-continued bacteremia with a remit- 
tent "undulant*' fever. Organisms multiply 
inside the cells of the reticuloendothelial 
system, allowing persistence of the organism 
in spite of high-level chemotherapy. 

Diagnosis is by repeated cultivation using 
special media and techniques for this slowly 
growing organism or by serology. 

Prevention is by slaughter of infected an- 
imals and immunization of animals with a 
live vaccine plus compulsory pasteurization 
of milk and milk products. 



P. aeruginosa may be grown on Trypti- 
case soy agar to show blue -green pigment. 
The strictly aerobic nature of its growth may 
be observed in broth or semisolid media in 
a tube where it only grows near the surface. 



TOPICS AND-SUBTOPICS 



15.534 'Bordetella 



15.54 Or^rn-Negative Anaero- 
bic Rods {Bergey's #9) 



15.541 0aQteroides 



M ESSENTIAL INFORMATION 



B, pertussis is the etiological agent* of 
whooping cough- Virulent strain^i are enc^p- 
sulated. B. pertussis is a fastidious organism 
requiring special media for primary isola- 
tion. On Bordet-Gengou agar the colonies 
are raised and have a characteristic she|^. 
like a mercury drop. The bacilli possSs 
endotoxin which is probably responsible for 
degenerative changes in the respij-atory 
tract. Prevention is with a vaccine of killed 
organisms given especially to infants and 
young children (DPT). 

Anaerobic, gram -negative, non-sp^rulat- 
ing bacilli represent the most connnon an- 
aerobes encountered in infections. 

B. fragilis \s the most common anaerobe^ 
strain-isolated. It represents 96% of the bac- 
teria of^the intestinal tract and is responsible 
for the foul odor of feces. In anaerobic infec- 
tions, bacteroides are usually found in a^o- 
ciation with other organisms. 



B. ENRICHMENT INFORMATION 
Long-term treatment with tetracyclines or 
ampicillin tnay be effective. 

Whooping cough consists of a catarrhal 
stage with release of a large number of or- 
ganisms and a paroxysmal stage with an 
explosive whoop on inhalation. Laboratory 
diagnosis is by cultivation of nasopharyngeal / 
exudate and immunofluorescent staining, / 

Tl-eatm'ent includes early use of eryfttro— ^ 
mycin and artipicillin. 



C. PRACTICAL ACTIVITIES 



Elaborate procedures are required for re- 
covery of these organisms from clinical spec- 
imens as Well as identifiqation. 



Projectioifi slides and films of methods of 
cultivation may be studied. 



B. fragilis causes abscesses, appendicitis J Anaerobe jars or pictures of transport an- 
bacteremia, and heart valve infections. Moaj^ aerobes may be demonstrated, 
strains ar^j sensitive to erythromycin and 
clindamycin^but resistant to penicillin. 



15.55 Cr^'Negative Rods ^ 
(Uticlassified) 



The Legionnaires bacillu6 was isolated 
and identified after the publication of ^er 
gey' s Manual and so is not placed in one of 
the other categories. 



15.551 




Pe^ionella pneumo- 
phila 



The Spirochetes (Ber- 
0ey's 



' '0 • 



These Gram-negative, pleomorphic bacilli 
are responsible for a very severe form of 
pneumonia called Legionnaires disease. The 
organisms can live saprophytically in stag- 
nant water. 



Spirochetes are thin-walled, flexible, mo- 
tile, helical rods, ^hese microorganisnis may 
be seen readily in the darkfield microscope. 



Legionella requires enriched media and is 
oxidase and catalase positive. Different an- 
tigenic strains have been found. It can be 
defiSiltely identified only by the direct flu- 
orescent antibody test. Treatment is with 
erythromycin or tetracycline. 

The spirochetes are actively motile, rotat- 
ing around their long axes. 
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Material scraped from around the teeth 
will reveal nonpathogenic spirochetes. 

Electron micrographs showing the special 
structures of the spirochetes may be shown. 
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TOPICS AND SUBTOPICS 
15.61 Treponetna 



A. ESSENTIAL INFORMATION 
^ T, pallidum causes isyphilis, which is 
transmitted by sexual or direct contact. This 
pathogenic organism has never been cul- 
tured. 

Syphilis is a disease of varying duration. 
The primary "hard "chancre" at the site of 
the Hifection h^als and may be followed by 
a secondary stage characterized by a rash. 
The skin lesions are highly contagious and 
mimic a variety of other dermatological dis- 
eases. A later or tertiary stage naay involve 
granulomatous lesions of an^^ part of the 
body or causQ degenerative changes in the 
centi;^ nervous system or cardiovascular 
system. 



B. ENRICHMENT INFORMATION^ 
A pregnant syphilitic woman can transmit 
the spirochete to the fetus through the pla- 
centa. This may result in death of the fetus 
or a variety of birth defects. Early adequate 
treatment prevents congenital syphilis. , 

Laboratory diagnosis includes serology us- 
ing non-treponema antigen. Control of the 
disease includes treatment of all cases, fol- 
low-up of all contacts, and education. Sero- 
logical tests for syphilis are usually required 
to obtain a marriage license, on all hospital 
Admissions, and during -early, pregfnancy. T. 
pallidum is extremely susceptible to penicil- 
lin. 



^C. PRACTICAL ACTIVITIES 
Electron micf ographlb of the organism and 
projection slides demonstrating lesions may 
be shown. t 



15.62 Leptospira 



L. interrogans is a tightly coiled spiral 
microorganism having one or both ends bent 
^into a hook. These organisms can be cul- 
tured on media containing serum. 

The leptospira are primarily pathogens of 
the urinary tract of animals such as dogs, 
rats, and cattle which excrete the organisms 
in their urine. Human infection is acquired 
by ingestion of food or water containing the 
organisms or less commonly by direct pen- 
etration of the skin. Many infections are 
mild or subclinical. 



Leptospirosis (Weil's disease) produces 
hemorrhage and necrosis in the liver and 
kidneys and results in dysfunction of these 
organs. Diagnosis includes darkfield exami- 
nation, culture, and serology. 

Prevention includes avoiding ingestion of 
contaminated water, control of rodents, and 
vaccination of dogs in endemic areas. Peini- 
cillin and tetracyclines are helpful but do 
not eradicate the infection. 



15.63 Borrelia 



B. recurrentis is the etiological agent of 
relapsing fever, a tick- and louse- borne dis- 
ease. The organism is an irregular spiral that 
stains readily with bacterial stains. 

The disease is characterized by 3 to it) 
bouts of sudden fever followed by chills and 
weakness. The disease is endemic in areas in 
which the particular tick carriers are found. 



Rodqnts are the main reservoir fdr the 
infection. They transmit t^e spirochete to 
ti?ks that may transmit them to humans or 
transovarially to other ticks. The human 
louse may transmit the disease from human 
to human. Prevention is by avoidance of 
exposure to ticks. Blood smears obtained^ 
during the fever may reveal the* organisms. 



/ 



U5.71 Campylobacter fetus Campylobacter fetus subspecies jejeuni is Stool specimens must be inoculated on a 

a motile gram-negative curved rod which is highly selective media, incubated under re- 

a major cause of acute gastroenteritis. It duced oxygen tension and incubated at 42°C 

causes a rapid-onset diarrheal disease which in order to isolate Campylobacter. They are 
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TOPICS AND SUBTOPICS 



15.8 The Mycoplasmas IBer- 
gey*s #19) 



A. ESSENTIAL, INFORMATION 

is self-limited and lasts less than a week. 
These organisms are strict microaerophiles 
and grow at 42°C. 

The mycoplasmas are small highly pleo- 
. morphic microorganisms which do not have 
a ceU wall. They require special staining 
methods to be seen. Mycoplasmas have an 
affinity for cell membranes, are found in 
plants and animals, and are part of the nor- 
mal flora of the%iouth and genitourinary 
tracts ot humans. The mycoplasmas are 
highly -host specific. 

^ Mycoplasma pneumoniae is the only spe- 
cies proven to be a human pathogen and 
causes atypical pneimionia. 

Ureaplasma urealyticum (T strain of my- 
coplasma) hydrolyzes urea and is thought 
by some to be associated with nongonococ- 
cal urethritis. ' >^ ' 



B. ENRICHMENT INFORMATION 

generally susceptible to tetracyclines, eryth- 
romycin, and aminoglycosides. 



Mycoplasmas do not revert totalled type 
forms. These fastidious organisms can repro- 
duce on cell-free media. On agar, colonies of 
certain species are characteristically be- 
neath the surface giving a "fried egg" ap- 
pearance. 

Penicillin and thallium acetate may be 
added to media used in the primary isolation 
of mycoplasmas to inhibit growth of other 
bacteria. Serological tests are available. 

Tetracyclines and erythromycin are used 
for treatment. 



C. PRACTICAL ACTIVITIES 



15.9 The Rickettsiae 
gey*8 #18)' 



(Ber- The rickettsiae include the orders Rick- 
ettsiales and Qhlamydiales. 



15.91 Rickettsiales 



The Rickettsiales are extremely small 
gram-negative obligate, intracellular para- 
sites of arthropods. They are transmissible 
Ho humans by the arthropod?, with the ex- 
ception of Q fever, which does nqt require 
an arthropod vector. Rickettsial infections 
are generally characterized by fever and 
rash. 



The Rickettsiales stain poorly with Gram 
stain but can be seen with Giemsa stain. 
Rickettsia may^e cultivated on the yolk sac 
of embryonated eggs, in tissue cell culture, 
or in e)cperimental animals. 

Diagnosis is by specific serological tests or 
by the Weil-Felix test in which antibodies 
produced against rickettsias cross react with 
Proteus sp. 

Treatment is with tetracyclines and chlor- 
amphenicol. 



Prepared microscope slides of rickettsiae 
in chick embryo tissue smeary may be stud- 
ied. 

Projection slides of the vectors and pa- 
tients with the disease may be shown. 



15.911 Rickettsia 



er|c 3il 



R. rickettsii is the etiological agents of Rocky Mountain spotted fever occurs in 



Rocky Mountain spotted fever. The bacteria 
are traxismitted from tick to tick (trans- 
ovariaUy J or from tick to humans. 

The rickettsiae grow in endothelial cells 
of small blood vessels causing obstruction, 
thrombosis, and necrosis of the skin (pro- 



deer, rabbits, and other vertebrates which 
live in heavily wooded areas wher6 the ticks 
occur. Most Rocky Mountain spotted fever 
now occurs in the eastern and southeastern 
states primarily in the late summer or fall. 
Prevention is by avoidance or control of 
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TOPICS AND SUBTOPICS 



A. ESSENTIAL INFORMATION 

ducing a rash), the heart, and central ner- 
vous system. 



B. ENRICHMENT INFORMATION 

ticks by clearing heavily wooded areas. A 
' vaccine ^or the disease is available. 

Epidemic typhus is a disease restricted to 
humans. It is caused by i?. prowazekii and 
transmitted by the human louse. It is not 
foimd in the United States at the present 
time. 

Endemic typhus, caused by R. typhis is 
transmitted by the rat flea from the rat to 
human. It is prevalent worldwide, especially 
in seaports. 

Q fever caused by Coxiella burnetii is a 
disease resembling influenza, atypical pneu- 
monia, and hepatitis. Transmission is via the 
air instead of through the skin. It is foimd 
worldwide. 



I 

C. PRACTICAL ACTIVITIES 



15.92^*, Chlamydiales 

# 



These organisms are gmall gram-negative 
obligately intracellular bacteria which mul- 
tiply in the cytoplasm of the hbst cell. "Al- 
though they are gram negative,, they are 
visualized better by Giemsa or other stains. 
They undergo a developmental cycle from 
the infectious particle to the larger initial 
body. 



Subclinical infections are the rule as the 
parai^te reaches a balance with the host, 
while spread of the infection from one spe- 
cies to another is more apt to produce dis- 
ease. 

Diagnosis is by serological tests or culti- 
vation of the organism in embryonated eggs 
or tissue culture cells. 

Treatment is with tetracyclines. 



15.921 Chlamidia 



The two species of jcylamydiia are C. psit^ 
taci and C. trachomatis, ' j 

C. psittaci causes ornithosis or psiftiacosis 
in hilmefns. The disease is acqiiired by in- 
halation of dried bird excreta 6r handling 
contaminated pliunage. \ / 

C. trachomatis causes lymphogranuloma^ 
venereum, a venerealDdisease reported most 
commonly from the tropics and subtropics 
but found worldwide. Trachoma, the world's 
leading cause of blindness and inclusion con- 
junctivitis are also caused by Ci trachoma- 
tis. About 50% of the cases of nongonococcal 
urethritis are caused by C. trachomcttis. 



Psittacosis in humans varies from a se- 
vere, even fatal pneumonia to a mild inap- 
parent infection. Birds imported from South 
America and the Far East are quarantined 
to prevent entry of this disease. 
. The inguinal lymph nodes in lymphogran- 
uloma venereum may become inflamed, sup- 
purate, and discharge pus, especially in 
malps. Trachoiha is spread fr^m eye to eye 
by fingers, fomites, and flies in areas of the 
world ^yhere poor sanitary conditions pre-: 
vail. Nongonococcal urethritis may coexist 
with other venereal dis^eases. 
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TOPICS AND SUBTOPICS 
16.0 Medical Mycology 



16.1 



General Consideration 



16.12 Diagnosis 



16.13 Pathogenesis 



16.2 



Superficial Mycoses 



16.3 



Cutaneous Mycoses 
(Dermatophytes) 
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A. ESSENTIAL INFORMATION 

1 

Most pathogenic fungi are inhabitants of 
the soU. Invasion of the host is by direct 
contact, resulting in skin lesions, or by in- 
halation of spores, resulting in respiratory or 
systemic infections. Candida albicans is the 
c^only pathogenic fungus which is part of the 
normal flora. It is not an inhabitant of the 
soil. Diseases caused by fungi are called my- 
'coses. 

Diagnosis of the mycoses is made by 
means of one or more of the following meth- 
ods: isolation of the etiological agent in cul- 
ture media with subsequent identification; 
microscopic examination of exudates or skin 
scrapings; . microscopic examination of his- 
topathologic al slides; examination of the 
skin or hair for fluorescence; and serological 
techniques. 

Pathogenic fungi generally do not produce 
toxins but induce hypersensitivity in the 
host. In the mycoses of deep, or internal, 
tissue, the tissue reaction commonly is a 
chronic granuloma. Human mycotic infec- 
tions are more conveniently grouped by type 
of infection (superficial, subcutaneous, and 
systemic) rather than by organism. 

These fungi invade only hair and the outer 
layer of the epidermis. Since the host does 
not produce a response such as redness, itch- 
ing, or swelling, the problem is often only 
cosmetic. 



The dermatophytes are fimgi which infect 
skin, hair, or nails by means of direct hyphal 
penetration. They are not (fimorphic. In skin 
lesions, these fimgi generally look alike, 
showing hyphae and arthrospores. Some 
species are found primarily in human skin, 
some in domestic and wild animals, and a 
few are found as saprophytes in the soil. 



B. ENRICHMENT INFORMATION 

Of the thousands of species that ^xist, 
fewer than 100 are considered pathogenic. 



Cultivation of pathogenic fungi is very 
hazardous and should be performed only by 
well'trained specialists using appropriate 
safety cabineta. 



The diseases produced in deep tissues re- 
semble those produced in chronic bacterial 
infections, especially those produced by the 
mycobacteria, e.g., tuberculosis. 



Causal organisms and disease are dados- 
porium werneckih which causes tinea nigra 
(palmaris), Piedraia hortaU which causes 
black piedra, lYichosporon cutaneunit 
which causes white piedra, and Malassezia 
furfur which causes tinea versicolor. 

A cutaneous mycosis is described clini- 
cally by the area of the body affected; i.e., 
tinea corporis is ringworm infection of the 
body, tinea pedis is athlete's foot, and tinea 
capitis is ringworm infection of the scalp. 

Therapy often consists of topical applica- 
tion of antifungal agents over an extended 
period of time. In widespread involvement 
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C. PRACTICAL ACTIVITIES 

Prepared projection slides of cultures or 
developmental stages of the pathogenic 
fungi or lesions may be studied. 

Aspergillus, the Phycomycetes, Saccha- 
romyfeSf and various other fungi found in 
the environment may be safely cultured in 
the student laboratory. Cultivation of path- 
ogenic fungi should not be attempted. 
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TOPICS AND SUBTOPICS 



16.4 Subcutaneous Mycoses^ 



'16.41 Sporotrichosis 



16.42 4'. Ghromomycosis 



16.43 Myqetoma 



A. ESSKNTIAL INFORMATION-. 

Human to human and animal to human 
transmission 'is common for some diseases. 
The dermatophytes produce chronic, low- 
grade infections. Skin lesions show inflam- 
mation at the site of the actively growing 
hyphae found on the periphery of the le- 
sions. This gives the typical ring-type lesion 
o£*'ringwonn." 



The subcutaneous mycoses are caused by 
certain organisms introduced via a break in 
the skin (splinters, thorns, etc.). Lesions in- 
volve skin, subcutaneous tissue, fascia, and 
bone. Once established, these fiingi tend to 
remain localized. 

Sporotrochosis is caused by Sporoihrix 
schenckii, which is a dimorphic fungus 
found worldwide on plants or plant struc- 
tures. In sporotrichosis, a local ulcerated 
lesion develops at the site of inoculation and 
may progress to the formation of multiple 
nodules and abscesses along the superficial 
draining lymphatics, usually along the arm 
or leg. 



Ghromomycosis is caused by a group of 
slowly growing, dimorphic fimgi. Ghromo- 
mycosis is an infection characterized by 
slowly developing cavdiflower-like lesions 
along the lymphatics of the feet or'legs and 
is caused by several different black molds. 



Mycetoma is a fungus nodule or tumor 
which may be caused by Hlamentous fungi 
(Eumycetoma or Maduramycosis) or certain 
branching bacteria (Actinomycetoma). The 
disease consists of a localized lesion, often 
on the foot, with draining sinus tracts which 



. B. ENRICHMENT INFORMATION 

of hair or nail infection griseofulvin is the 
drug of choice. 

Microsporum may be found on skin and 
hair, Epidermophyton may be found on skin 
and nails, and Trichophyton infects skin, 
hair, and nails. Most species are found 
worldwide, but a few are localized. There is 
some age variation as to the type of disease 
produced, i.e., athlete's foot is more common 
in adults, while scalp infectio][is are more 
common in children. 



C; PRACllCAL ACTIVITIES 



In infected tissue, the fungus appears as a 
cigar-shaped, budding yeast. The disease 
may rarely progress from subcutaneous le- 
sions to the respiratory tract or by extension 
to bones and joints. Sporotrichosis, while 
not a common disease^ occurs' mostly in gar- 
deners, florists, and^ others having contact 
with plant matemOs. Treatment is oral po- 
tassium iodine^r the subcutaneous lesions 
or amphotericin B for the systemic disease. 

In lesions, the fiingi appear as thick-walled , 
brown .cells which multiply by fission. On 
cultivation the fungi appear as darkly pig- 
mented, slowly growing mycelial colonies. 
Fungi isolated include: Phialophora verru- 
cosa, Fonsecaea pedrosoi, and Cladospor- 
ium carrioniL 

A mycetoma originates from an injury 
with resulting inoculation of microorganisms 
into the body. Identification as to fungal or 
bacterial agent is important because of the 
differences in treatment. Treatment in- 
cludes sulfonamides and penicillins for the 
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Toijica AND aunTOPica 

4 'v ' , ' 



16.5 ' SyBtomic MycoHOA 




A. 15HSHNTIAI. INFOHMATION 
yield KHUUilqa contiiHtinK of hyphao or iVag- 
mentH of bacterial fllamentH. 



The ByBtomic mycoBeB are dlHeaBOB of the 
internal tisaues usually caused by din\orphic 
fungi which grow as soil saprophytes, Infec 
tion is primarily acquired by spore inhala 
tion, with most infections being asympto 
matic. The chronic form starts with a pul 
monary leBion and spreads via the blood 
stream or by direct extension. A small per 
centage of cases are fatal There is no human 
to human or animal to human iransmission. 



B. lONUlCIIMI^NT INFORMATION 
aotlnomycotio mycetoma. There ifl no entab- 
fished treatment except surgical removal for 
ll^e fungal mycetoma* 

In addition to the uBual methods of diag- 
nosis of mycoses, hiatopathology ia espe- 
cially important In systemic infections. 
Treatment of all these diseases Ib with pro- 
longed administration of amphotericin B. A 
variety of domeatic and wild animals may be 
found infected with the systemic mycoses. 



c. puicTicAL ACTivrrn?^ 



16.51 Coccidioidomycosis 



Coccidioides immitis is present in tissue 
as thick-walled spherules corttaining up to 
several hundred endospores. Spherules rup- 
ture, releasing endospores which start their 
own spherules. The major endemic area in 
the world is the southwestern United States 
where C. immitis grows abundantly in desert 
areas. 



In culture, the fungus is characterized by 
arthrospores which alternate with clear hy- 
phae. Infection is through inhalation of ar- 
throspores. The resulting respiratory infec- ' 
tion may be asymptomatic or influenza-like 
or 1% may progress to the disseminated, 
highly fatal form. Very high percentages of 
all of the population of the endemic areas 
have positive skin tests showing previous 
infections. 



( 



16.52 Histoplasmosis 



Histoplasma capsulatum grows in soil, 
especially those enriched with blackbird or 
chicken droppings. In tissue it is seen as 
small yeasts in macrophages and cells of the 
reticuloendothelial system. The endemic 
area is predominately along the Mississippi 
and Ohio River Valleys where 90 to 95% of 
the people show positive skin tests. The 
infectious form produces microconidia 
which enter the body through the lungs; In 
vivo these spores change into yeast cells. . 



Histoplasmosis is a disease of the lungs 
and reticuloendothelial system. Initial infec- 
tion is often mild and self-limiting or may 
produce granulomatous lesions and a disease 
which may resemble tuberculosis and is a 
major cause of lung calcification. Supportive 
therapy usually is sufficient for primary pul- 
monary histoplasmosis. Systemic histoplas- 
mosis is treated with amphotericin B. A 
reliable skin test is available. 



16.53 Blastomycosis 
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Blastomyces dermatitidis appears in tis- 
sue or pus as a thick-walled nonencapsulated 
yeast with broad-based buds. Blastomycosis 
is usually restricted to the upper Mississippi 
and Ohio River valleys where it is thought 



Blastomycosis, a disease of skin, lungs, 
and bone» may be asymptomatic or develop 
into a serious pulmonary disease resembling 
tuberculosis or cancer. Paracoccidioidqmy- 
cosi3, a somewhat similar disease, caused by 
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WVICH AND HUHTOIUOH 



Ul,54 CryptoeoccoHla 



16.6 Opportunistic Mycoses 



16.61 Candidiasis (Candi* 
dosis) 



16.62 Aspergillosis 




A, lilHHl'^N'riAI. INWIIMATION 

to hi) n Moll HaprophytOt 'rho InfootlouH phuHu 
prohnbly produruH Nponm which ontor (hu 
l)()(ly by iho UuigH, In vivo tbimo y)omi 
cbauHo into yuaat colUt. 



Hpor 

\ 



CfyptococcuH nvofomnm la the only 
pathoKunic fiinHim found aa an uncapHulatud 
yeaat in tiamioH, Thin organiau) grows on hoU, 
uupucially in tho prosonco of pigeon uxcro* 
niuut. Fidinonary diHuaau ia tliu moat conv 
mon form and may bo naymptomatic. In 
more auvoro ca^iua. tho organism has a pro- 
diluction for thu brain and muningua. There 
ia little or inHammtftory reaction but 
sometimes granulomatous lesions are found. 
The capsule of this yeast inhibits phagocy- 
tosis. 

Opportunistic mycoses are caused by 
fungi which are part of the normal flora of ' 
th^ individual or are present in the environ- 
ment but do not produce disease except in 
special circumstances^ such as a debilitated 
state of the host or an overwhelming expo- 
sure to spores by healthy individuals. 

Candida albicans is a budding yeast 
which may produce hyphae or pseudohy- 
phae in tissues. It is found as part of the 
normal flora of the mucous membranes of 
the mouth, vagina, and intestinal tract in a 
high percentage of the population. Disease 
may occur in many parts of the body and 
from a variety of causes of lowered resist- 
ance. Diseases include thrush, vulvovagini- 
tis» infections around nails, or systemic in- 
fections in immunosuppressed individuals. 

A large number of species of the aspergiUi 
which are distributed widely in nature and 
include many plant pathogens produce op- 
portunistic infections. Aspergillosis is usu- 
ally a disease of the respiratory tract and 
results in either suppurative, or granuloma- 



n, KNiaailMlilNT INHUMATION 

ParavovvUlioidm hmzilUmHiH la not found 
natnndly In (ho Unitod HtatoHt 



Cryptococcoaia ia foinid worldwide, being 
more prevalent in urban areas with [)igeon 
populations. Treatment ia with 5-(luorocy- 
tosiho and/or amphotericin B, Diagnoaia of 
oryptococeal mOningitia involves detection 
of encapsidated yeaat in the cerobroHpinal 
fluid by microscoj^ examination with India 
ink and/or cryptoSlecal antigen detection. 



a puAeriaAh aotivitiiw 



Severe diabetes, malignant tumors of the 
lymphoid tissue, extensive treatment with 
broad-spectrum antimicrobial agents or with 
agents which suppress the immune response 
(corticosteroids, X-irradiatipn, cytotoxic 
drugs) all predispose an individual to the 
opportunistic mycoses. 

Dise'ase may be produced on the mucous 
membranes or the skin. Candida may be 
transmitted between individuals, from 
mother to baby as the baby passes through 
the birth canal, or by fomitesj Other species 
of Candida may be present as members of 
the normal flora and more rarely cause dis- 
ease. Candidiasis is a common cause of death 
in cancer and transplant patients. Treat- 
ment is with nystatin locally or amphoteri- 
cin B for systemic infections. 

Patients with lunglesions from a previous 
tuberculosis infection, fanners and others 
handling dead and decaying vegetation are 
most apt to acquire aspergillosis. Certain 
Aspergillus species prevalent on stored 
grain or peanuts produce mycotoxins, which 
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TOlMiJH AND HUHTOIMOH 



mycoMlH, Phyi5()inyc!0Hifl) 



A, MHHI'KriAIJNF^tMATION 
i)m\\\vvi m]\U\ii^ \\y\)\u\i> will) dii^luMoiuouH 



Mmvr or lUiUopun im) omwiifrnWy (m\\{\ 
In tlMHUuH of (llulii)tl<m and Inununolofjlcidly 
compromiHud 'indlvldunla. Thufiu prgnniHrnH 
«gK>*t'"Hlv()ly Kvow toward, and n»ay |)n)duoo 
occluHiouH In blood vohhoIh, 



li^KNUKUlMWNT lNI«'0liMA11()N 
im highly toxki wIumi ln((0Hii)d and \my hi^ 
m\v\m^m^^^^ Hlu()^ (hi) aHpiUHllH ^^^'^ lound 
oonuuonly m i)on(audnan(H on lahoiatovy 
uiodli^, r«p<M\(«d lHola(l6n« and Idiindfioar 
(iony nuiy ho ntnxmHary to OMtahllhh (houi an 
otIoIoKloal affontH ofdlMoaao In huniauH, 

Tho IphIou may h<i ono of amdi» inllam- 
umtion or ahow llttio tlHMiM) ruHpouHu. Dlag- 
ncialH Ih niado hy fin(hnK tho larflu non aop- 
(mu hyphao In i\mm or hy raptjatod <adtl- 
yationH. Motaholio aoidoalH Ih a priidinpoHloK 
factor for acute zyKovnycoHlH. 



^17.0 Medlcul Virology 
17,1 Kpidoiniology 

17.11 Portals of Entry 



17.12 



Transmission 



Tho primary routes of viral entry in the/ 
. human host include the skin, the respiratory 
and gaatrointeBtinal tract nuicoHa, and, to l( 
lessor extent, the eye and genitourinary 
tract. Certain viruses may be transmitted i^n 
utero. ; 



Inapparent infections are the most import 
tant source of virus transmission from hu* 
man to human. Viruses may be transmitted 
by healthy individuals harboring latent vi- 
ruses. 



Examples of specific viruses ^nd their 
routes of entry include: warts— skin; influ- 
enza — respiratory mucosa; polioviniHCH — 
gap troin test inal mucosa; adenoviruses — mu- 
cous membranes of the eye; herpes simplex 
type 2— genitourinary tract; and rubella—- 
placenta. 

Humans are the only host for many vi- 
ruses such as mumpSf measles, and polio, 
whereas other viruses such as rabies are 
transmitted to humans from other animals. 



17.13 Periodicity 



17.2 ' 



Disease States 



Many viral diseases such as the common 
cold are seasonal whereas others such as 
hepatitis herpes simplex, and rabies are 
not. Some seasonal viruses such as the rhi- 
, noviruses cause epidemics yearly, whereas 
measles and influenza A virus tend to cause 
epidemics at 2- to 3-year intervals. 

Most pathogenic viruses cause acute in- 
fections. Certain viruses however, may enter 
a host and remain latent indefinitely or may 
become clinically expressed at intervals later 



Many viruses remain endemic and others 
remain sporadic in a given population. 



Measles is an example of an acute viral 
disease. Fever blisters are caused by a virus 
(herpes) which remains latent and is ex- 
pressed clinically at infrequent intervals. 
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A. ESSENTIAL INFORMATION 

in life. Slow viruBes may enter a host and 
incubate for months or years before symp- 
toms appear. 



B. ENUICHMENT INFORMATION 

Subacute sclerosing panencephalitis (SSPE) 
is an example of a slow virus infection. 



C. PRACTICAL ACTIVITIE 



SS ^ 



17.21 Localized Infections 



17.22 Systemic Infections 



Many respiratory viruses invade the mu- 
cous membrane of the respiratory tract lind 
replicate and produce their clinical manifes- 
tations at this primary site. 

Many viruses invadp the mucous mem- 
branes of the respiratory or gastrointestinal 
tracts and, after replication, enter the lym- 
phatic system where they continue to repli- 
cate. The virus is then released into the 
blood resulting in a viremia. The circulatory 
system delivers the virus to its target organ 
with resultant clinical disease. 



Examples are the rhinoviruses and other 
cold-causing viruses. 



Examples of such viruses include polio- 
virus, measles virus, and chickenpox virus. 



17.3 Response of the Host to 
Viral Infection 



Host response generally includes inflam- 
mation involving phagocytic cells, interferon 
production, and a specific immune response. 
Mononuclear cells (macrophages) are the 
primary phagocytic cells involved, whereas 
bacterial infections elicit a polymorphonu- 
clear cellular response. Interferon is a pro- 
tein produced by a virus-infected cell and 
indirectly interferes with continued virus 
replication in other cells. It is important in 
recovery from viral disease. The cell-medi- 
ated immune response (T lymphocytes) ap- 
pears to be primarily responsible for ho^ 
recovery from viral infection, whereas the 
humoral immune response (B lymphocytes) 
seems to be primarily involved in the pre- 
vention of reinfection. 



Interferon induces cells to form transla- 
tion inhibitory protein (TIP) which prevents 
the translation of viral mRNA. Interferon is 
tissue and host specific but is not specific for 
a particular virus. 



17.4 



Antiviral Agents* 




3:J5 



Viruses have no inherent metabdiit capa- 
bility but rely on host cellular metabolism 
for replication. Antiviral agents are therefbre 
generally directed toward inhibition of viral 
nucleic acid synthesis and/or function. 



Idoxuridine (IDU) and adenine arabino- 
side (ara-A) are nucleic acid antagonists use- 
ful against certain herpes simplex infections. 
Amantadine is indicated for the prevention 
and/or treatment of influenza A and the 
thiosemicarbazones have been successfully 
used against smallpox. 
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TOPICS AND SUBTOPICS 
17.5 Immunoprophylaxis 



17.6 Diagnostic Virology 



17.61 Virus Isolation 



17.62 Virus Identification 



17.63 Serological Diagnosis 
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A. ESSENTIAL INFORMATION 

Live vaccines are superior to killed vac- 
cines in promoting high levels of lasting im- 
munity. Killed vaccines ' require booster 
doses to maintain adequate immunity, 
whereas single injections of live attenuated 
vaccines provide a leisting immunity. A va- 
riety of viral vaccines, both killed and live- 
attenuated, are conmiercially available,^ 

Viral diseases may be diagnosed in the 
laboratory either by virus isolation or by 
detecting a rise in specific antibody. 

The presence of virus in cell culture sys- 
tems can be detected by separation and 
rounding of cells from a monolayer (cyto- 
pathogenic effect, or CPE), the interference 
of cytopathogenesis, the ability of certain 
virus-infected celfa to adsorb erythrocytes 
onto their surface (hemadsorption) or the 
ability of virus-containing fluids from cell 
culture systems to hemagglutinate erythro- 
cytes. 

Virus isolated in cell culture systems can 
be identified by a variety of tests utilizing 
specific known antisera to the suspected vi- 
rus, which will inhibit the expression of the 
virus in the cell culture system. 



To diagnose a viral disease serologically, 
a significant elevation in specific antibody 
level between an acute and convalescent 
serum should be demonstrated. The acute 
serum should be collected immediately after 
the onset of the disease, and the convcdes- 
cent serum, with some exceptions, should be 
collected 10 to 14 days later. 



B. ENRICHMENT INFORMATION 

Killed vaccines are available for influenza 
and rabies. Live attenuated vaccines are 
available for polio, rubeola (measles), and 
rubella (German measles). 



C. PRACTICAL ACTIVITIES 



If measles antibody is mixed with fluids 
suspected of containing measles virus and 
this mixture is then inoculated into a cell 
culture system the CPE, which would char- 
acteristically be caused by the measles virus, 
will be prevented from occurring. Similarly, 
if influenza antibody is mixed with influenza 
virus and inoculated into a susceptible cell 
culture system, the virus will be incapable 
of growing and the adsorption of erythro- 
cytes to the cell surface will be prevented. 

Techniques for the detection of specific 
antibody levels in a patient's serum include 
hemagglutination inhibition, complement 
fixation, immunofluorescence antibody, and 
radioimmunoassay. 
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Projection slides of CPE in cell culture 
systems and slides of positive hemadsorp- 
tion in cell culture systems may be studied. 
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TOPICS AND SUBTOPICS 
17.7 RNA Viruses 

17.7 1 Picornaviruses 



17.711 Enteroviruses 



I7.7III Polioviruses 



17.712 Rhinoviruses 



17.72 Togaviruses (Arbovi- 
ruses) 



17.721 Rubella (German Mea- 
sles) 



A. ESSENTIAL INFORMATION 



Picomarviruses are small (pico) RNA vi- 
ruses. 

Enteroviruses initially replicate in the gas- 
trointestinal tract and are excreted in the 
stool. 



The three antigenically distinct polio- 
viruses may spread from the gastrointestinal 
tract via blood and infect the spinal cord 
and/or brain, which results in limb and/or 
respiratory paralysis. Polioviruses may 
cause viral meningitis and upper respiratory 
tract infections but most commonly cause 
subclinical infections. The Sabin trivalent 
live oral polio vaccine has virtually elimi- 
nated paralytic disease in immunized popu- 
lations. The Salk vaccine uses inactivated 
poliovirus. 

There are over a hundred antigenically 
distinct rhinoviruses, aU of which may cause 
the common cold. 

Togaviruses aie arthropod (vector) trans- 
mitted and are comprised of two serologi- 
cally distinct groups, the alphavirus group 
and flavivirus group. 



B. ENRICHMENT INFORMATION 



C. PRACTICAL ACTIVITIES 



Rubella is a mild rash-associated disease 
which belongs to the togavirus group but is 
not vector transmitted. If the virus is con- 
tracted during the first 3 months of preg- 
nancy, infection of the fetus may result in 
death or birth defects such as cataracts and 
heart abnormalities. The use of the live ru- 
bella vaccine has significantly decreased the 
incidence of rubella-caused birth defects. 



Enteroviruses when swallowed' can find 
their way to the gastrointestinal tract since 
they are acid stable and are not destroyed 
by the acidity of the stomach. 

Viral meningitis involves inflammation of 
the meninges (the coverings of th6 brain and 
spinal cord). It is usually a self-limiting dis- 
ease. Other enteroviruses include the echo- 
viruses and coxsackie A and B viruses. These 
latter three groups may be associated with 
a raised (papular) ^rash. 



In contrast to other human viruses, rhi- 
noviruses propagate best at 33®C rc^ther 
than 36* to 37**C. f ' 

The equine encephalitides, yellow fever, 
and dengue are some of the important vi- 
ruses in this group. They are mosquito trans- 
mitted. 

Women of childbearing age should be 
checked for antibodies to rubella. If they 
have none they should be immunized. Preg- 
nant women should not be immunized with 
the rubella vaccine. 




rejection slides of an enterovirus rash 
ma\\be shown. 



17.73 Orthomyxoviru.ses 
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TOPICS AND SUBTOPICS V 
n,l3l Influenza A ' ; 



17.74 Paramyx^oyuiises 

ft 

17.741 Mumps 



1 *' 
17.742 Parainfluenza Viruses 



17.743 Measles (Rubeola) 



17.744 Respiratory Syncytial 
Virus (RSV) 



17.75 Rabies 



A. ESSENTIAL INFORMATION 
# Influenza A is the most common cause of 
Jnfluenza in humans, occurs in epidemic 
' form every 2 to 3 years, and is characterized 
' 4, by sudden onset of headache, fever, achi- 
ness, ancjl minimal respiratory symptoms. 
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B. ENRICHMENT INFORMATION 
The antigenicity of the influenza A virus 
changes periodically. For instance, the Hong 
Kong strain may be present for a time and 
then another antigenic strain, suqh as the 
Russian strain, may take over. Influenza B 
and C are similar clinically to influenza A 
but epidemiologically are not as significant. 



C. PRACTICAL ACTIVITIES 



The part^Jtid glands are the target organs 
of the munjps vinls. Occasional complica- 
tion^ of the young adolescent include inflam- 
matil)n of testes and the heart muscle. The 
live mumps vaccine given early in life has 
' significantly decreased the incidence of com* 
plications. 

' Inhere are four antigenically distinct par- 
ainfluenza viruses. They are responsible for 
croup, an asthmatic type of bronchitis (bron- 
chiolitis) ^pneumonia, and upper respiratory 
tract iitfec^ions, in infants. 
^ -t 

, Measles^is a conunon disease of childhood 
and is associated with raised lesions (a pa- 
pular rash). Measles is associated with a 
postinfectious encephalitis which may result 
in permanent brain damage or death in the 
vei-y you^. The live measles vaccine giveiy' 
durihgunfancy has significantly decreased 
the incidence of encephalitis. 

/ ' . 
RSV Causes pneumonia and bronchiolitis 
in t)ie very young. It may cause epidemics, 
usually in the winter. 



Mumps is the most common cause of pos- 
tinfectious encephalitis; however, the en- 
cephalitis is usually of little clinical signifi- 
cance. Postinfectious encepl)alitis is an im- 
mune type of disease, as opposed to a pri- 
mary encephalitis which results in virus in- 
vasion of nervous tissue. 



Other complications of measles include 
diddle ear infection, bronchitis, and pneu- 
monia. Combination live virus vaccines 
(measles-rubella, rubella-niumps) are avail- 
ible. 



Rabies, a rhabdoviriis, is transmitted to 
humans by the bite of a rabid animal. The 
vir^s contained in the saliva reaches the 
c^ntral'nervoua systeni via the traumatized 
nerves. The disease is characterized by a 
long incubation period and is edmost 100% 
fatal. Rabies therapy involves the use of 
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A new nonallergenic vaccine prepared in 
human fibroblast cells (cell cultures) and 
requiring fewer injections provides a longer- 
lasting immunity. 



Projection slides of a case of mumps may 
be shown. 



3- 



TOPICS AND SUBTOPICS 



A. ESSENTIAL INFORMATION 

antirabies serum and the daily injection of 
killed duck embryo vaccinie (DEV) for 14 to 
21 days. In the United States rabies is most 
commonly found in skunks and, to a lesser 
degree, in raccoons and other wild animals, 
as well as in a few domestic animals and 
bats. 



B. ENRICHMENT INFORMATION 



C. PRACTICAL ACTIVITIES 



17,8 DNA Viruses 
17.81 Papbvaviruses 



The human papilloma virus (wart virus) 
causes the characteristic juvenile and/or 
plantar warts. Venereal warts are sexually 
transmitted and may undergo cancerous 
change if untreated. * 



Viruses from maternal genital warts may 
be acquired at the time of buth by infants 
who may later develop tumorous growth of 
the vocal cords. Treatment of warts is by 
surgical or chemical removal or by cauteri- 
zation. 



17.82 



Adenoviruses 



The 31 antigenically distinct adenoviruses 
cause respiratory illness and/or conjuncti- 
vitis. 



A live oral vaccine incorporating types 4 
and 7 is used in military recruits where 
infection rates are higher than in the lay 
population. Some human adenoviruses 
cause cancer when injected into laboratory 
animals. 



17.83 Herpes Group of Viruses 



17.831 



17.832 



17.833 



ERIC 



3 



Herpes Simplex Virus 
Types 1 and 2 (HSV-1 
and HSV-2) 



Varicella-Zoster 
Viru^ (V-Z Virus) 



Epstein-Barr Virus (EB 
Vinis) 



This group includes viruses which, follow- 
ing primary infection, may remain in the 
host for life. 

HSV-1 is the cause of the common fever 
blister or cold sore. It may also cause infec- 
tions of the eye and brain. HSV-2 is sexually 
transmitted and causes genital lesions. In- 
fection of the fetus or tiewbom may be fatal. 

The V-Z virus causes chickenpox in chil- 
dren and shingles in adults. The chickenpox 
virus remains latent in the host and may be 
expressed as shingles in later life following 
some predisposing factor. 



HSV-1 infections occur early in life and 
by adulthood 70 to 90% have type 1 anti- 
bodies. HSV-2 infection usually occurs after 
puberty or is acquired during birth. 



Shingles in the adult can be the source of 
chickenpox in children and initiate large out- 
breaks. Shingles may be associated with 
spinal cord trauma or malignancy. 



The EB virus is thought to be the etiolog- 
ical agent of infectious mononucleosis and is 
possibly associated with Hodgkin's disease. 
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The EB virus was first associated with 
Burkitt's lymphoma, a malignant tumor of 
the jaw which occurs in African children and 



Projection slides showing HSV-1 and 
HSV-2 infection may be shovm. 



Projection slides of cases ^f chickenpox 
and of shingles may be shown. 



TOPICS AND SUBTOPICS 



17.834 Cytomegalovirus 
(CMV) 



17.84 Poxviruses 



17.841 Variola (Smallpox) 



17.9 Other Less-Well-De- 
fmed Viruses 

17.91 Hepatitis A Virus 
(HAV) 



17.92 Hepatitis B Virus 
(HBV) 




A. ESSENTIAL INFORMATION 



CMV is endemic in humans and causes 
subcliiiical infection in otherwise healthy in- 
dividuals. CMV may cause congenital ab^ 
normalities of newborns, post-transfusion 
mononucleosis and pneumonia, eye infec* 
tions, and other systemic complications in 
patients undergoing organ transplant or on 
inmiunosuppressive medication. 

The poxviruses are large, have a complex 
symmetry, and include agents affecting a 
variety of animals, including humans. 

Smallpox is characterized by a vesicular 
/leruption of the skin and is associated with a 
^^gh morbidity and mortality. Through the 
efforts of the World Health Organization the^ 
world today is essentially smallpox free. 
Smallpox immunization is required only for 
those returning to the United States from 
certain risk areas. 



HAV is ubiquitous in that most adults 
have had exposure to it. It is transmitted 
primarily from person to 'person by the fecal- 
oral route, although epidemics ^ave been 
associated with infected sheilfish* and con- 
taminated drinking water. Clinical manifes- 
tations involve the liver although the disease 
is usually of a milc^ nature. • 



B. ENRICHMENT INFORMATION 
nasophar3mgeal carcinoma common in 
Chinese males. 

Antibody to CMV is found in 80% of in- 
dividuals over 35 years of age. The virus 
may be excr,eted intermittently by a host 
with latent infection. ^ 



In 1798, Jenner was the fu^t person to use 
immunization procedures to prevent disease. 
He used cowpox to protect against smallpox. 
A laboratory strain of cowpox (vaccinia) is 
now used as the agent in smallpox immuni- 
zation. 



^ About 30 to 60% of American adults have 
antibody to HAV and an even higher prev- 
alence occurs in lower socioeconomic groups. 



HBV is transmitted by blood and blood 
by-products and can also be transmitted by 
other routes. Contaminated needles of drug 
addicts are also a common method of trans- 
mission. HBV clinically is similar to HAV 
although it tends to be a more serious dis- 
ease. A small percentage of infected individ- 
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C. PRACTICAL ACTIVITIES 



Projection slides of congenital CMV 
tions may be shown. 



infec- 




All donated blood is screened for the HBV 
surface antigen. Most of the. hepatitis that 
results from blood transfusions is not due to 
HAV or HBV but to a nonA-nonB virus and 
perhaps yet unknown viruses.^ 



Projector slides showing classical small- 
{jox and the various stages of smallpox im- 
munization may be shown. 



V 
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S AND SUBTOPICS 



Slow Viruses 
Humans 



Infecting 



A. ESSENTIAL INFORMATION 
uals may become chronic carriers and re- 
main potentially infectious to others. 

Kuru, Creutzfeldt-Jakob disease, sub- 
acute sclerosing panencephalitis (SSPE), 
and progressive multifocal leukoencephalo- 
pathy (PML) are examples of diseases 
caused by slow viruses. They produce a neu- 
rological disease which is progressively fatal. 
These diseases axe characterized by long 
incubatipn periods (months to years). 



B. ENRICHMENT INFORMATION 



Kuru, a disease of the New Guinea high- 
lands, is tranwnitted by ingestion of under- 
cooked infected human brain and is on the 
decline due to a decrease in cannibalism. 



C. PRACTICAL ACTIVITIES 



Medical Parasitology 
Qeneral Features of Pro- 
tozoan Infections 

Transmission of Proto- 
zoa 



The life cycle of protozoa found in the 
mouth and intestinal and urogenital tracts 
is usuaUy simple and direct, i.e., the protozoa 
are in the infective stage shortly after they 
leave the host. Protozoa which invade blood 
and other tissues generally have an indirect 
life cycle iii that certain developments of the 
organisms take place in intermediate hosts 
such as insects before the protozoan is infec- 
tious for humans. 



Diagrams and charts depicting .the life 
cycles and transmission characteristics of 
medically important protozoa may be stud- 
ied. 



Pathogenesis of Proto- 
zoan Diseases 



Symptoms of Protozoan 
Infection 



Protoza affect the host by multiplication 
of the organisms, invasion of tissue, and 
product;o|n of toxins. In certain cases, the 
host de^j^Jops a hypersensitivity to the for- 
eign prtifiozoan protein, resulting in an in- 
flammatory re^tion. Intestinal parasites 
produce less local and systemic effects than 
tissue parasites. 

Protozoan infections may be subclinical, 
chronic, or acute. Often, an acute disease 
may result irf a chronic infection. 



Many pathogenic protozoa secrete prote- 
olytic enzymes, hemolysins, cytolysins, and 
other toxins which aid in their virulence. 



More than 90% of aU protozoan infections 
are asymptomatic, showing mutual toler- 
ance between the host and parasite. , 



Medical Protozoology 
Sarcodina. the Amoebae 



3vr J 



Most intestinal amoebae are nonpatho- Entamoeba co Hand Endolimax nana are 
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TOPICS AND SUBTOPICS 



18.211 E. histolytica 



18.22 Mastigophora, the Flag- 
ellates 

18.221 Giardia lamblia 



18.222 Trichomonas vaginalis 



18.223 Trypansoma 



erJc 



A. ESSgNXlALjyPORMATlON 
genie and occur as commenaola in the cecum 
and colon. They must be differentiated from 
the only primary pathogenic species Enta- 
moeba histolytica. ^ 



E, histolytica is the moat important path- 
ogenic amoeba which infects humans. Infec- 
tion is acquired by ingestion of cysts from 
contaminated food or water. Infection often 
results in asymptomatic carriers, but in dis- 
ease caused by invasion of colon wall, resul- 
tant tissue destruction occurs accompanied 
by diarrhea or dysentery. Extraintestinal 
disease, while rare, may occur in the liver or 
other organs. 

"J 



G. lamblia is- the most frequently recog- 
nized pathogenic protozoan in waterbome 
disease outbreaks anH in tourists returning 
to the United States from abroad. Large 
numbers of G. lamblia attached to the wall 
of the small intestine may cause irritation 
and low-grade inflammation. Diarrhea may 
■ occur, especially in children, but asjrmpto* 
matic cases are more common. The orga- 
nisms ^e acquired by ingestion of cysts from 
contaminated food or water. 

Three species of trichomonads are found 
in humans. The only pathogenic species, T. 
vaginalis may cause vaginitis in the female 
and urethritis in the male. T. vaginalis is 
transmitted by sexual contact. 



Trypanosoma gambiense and T. rhode- 
siense are causes of African trypanosomiasis 
(sleeping sickness) in humans. The orga- 
nisms are transmitted by the bite of the 
tsetse fly. A mild systemic illness gradually 



B. ENRICHMENT INFORMATION 
commensals in the large intestine of humans 
and are only rarely implicated in disease. 
Their presence indicates that an individual 
has ingested something contaminated with 
feces. 

Important sources of infection are asymp- 
tomatic carriers. Fresh vegetables fertilized 
with human feces are sources in certain for- 
eign countries. Trophozoites may be seen in 
runny stools while cysts are more common 
in formed stools. Extraintestinal disease may 
be detected serologically. Metronidazole is 
generally the treatment of choice for extrain- 
testinal disease. 



Diagnosis is by demonstration of cysts or 
trophozoites in feces. Metronidazole is the 
treatment of choice. 



Prevention is by attention to personal hy- 
giene and detection and treatment of in- 
fected females and contacts. Diagnosis is 
made by microscopic examination of exu- 
dates or urine. No cyst exists. Metronidazole 
is the treatment of choice. 

Trypanosomes, which spend part of their 
life cycle in Vertebrates and part in inverte- 
brates, may be found in the bloodstream of 
infected humans and other vertebrates. Di- 
agnosis is by identification of the trypano- 
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C. PRACTICAL ACTIVITIES 



Prepared microscope slides of tropho- 
zoites and cysts of E. histolytica may be 
compared with those of Entamoeba coli and 
E. nana. 



Prepared microscope slides of tropho- 
zoites and cysts of G.Jamblia may be com- 
pared with those gf Chilomastix mesnili, a 
nonpathogenic fla^Uate. 



TOPICS AND SUBTOPICg 



18.224 Leishmania 



18.23 Ciliata. the Ciliates 
18.231 Balantidium coli 



18.24 Sporozoa 



18.241 ^ Plasmodia 




A. ESSENTIAL INFORMATION 
progresses into encephalitis. As cerebral 
damage increases, sleep becomes continuous 
and develops into a coma and death. Chaga's 
disease (American trypanosomiasis) is 
caused by T. cruzi and is transmitted by the 
treatomine (cone-nosed) bugs. It is the lead? 
ing cause of cardiovascular death in South 
America but is generally not found as far 
north as the United States. 

Infection by members of the genus Leish- 
mania results in various diseases which in- 
clude visceral and/or dermal lesions. All spe- 
cies are transmitted by the bite of sand flies. 
Leishmania are not normally found in the 
United States. 



Balantidium coli is the only ciliate which 
is parasitic for humans. The incidence is low, 
and many of these cases are asjmaptomatic. 
Infection is acquired by ingestion of cysts 
from contaminated food or water. Symp- 
toms include alternating diarrhea and con- 
stipation. 

The sporozoa of nmjor medical impor- 
tance are the four plasmodial species: Plas- 
modium viva^ P, mafariae, P^alciparum, 
and P, ovale, all of .which^use malaria. 

Malaria is initiated by spoFQZoites from 
the^ salivary glands of infected female 
Anopheles mosquitoes. The sporozoites are 
injected into the bloodstream during the bite 
of the mosquito. The organisms undergo an 
exoerythrocytic cycle in the liver followed 
by an intraerythrocytic cycle in the blood as 
well as a sexual cycle which is completed in 
the mosquito. The major features of infec- 
tion include anemia, spleen, and liver en- 
largement and a classical fever pattern. P, 
falciparum is the most important species. 



B. ENRICHMENT INFORMATION 
somes in blood, lymph glands, or spinal fluid. 
Treatment varies with stage of disease and 
is often not successful. 



C. PRACTICAL ACTIVITIES 



An important example of leishmaniasis is 
kala-azar. Diagnosis is made by finding the 
organism in infected tissue or by serology. 
Treatment is varied and not often successful. 



The large intestine is invaded by the mul- 
tiplying organisms which form nests that 
prodbce ulcers and abscesses. Oxytetracy- 
cline is the drug of choice. 



In malaria, the sudden rupture of parasi- 
tized erythrocytes with release of parasites 
is responsible for the characteristic cycles of 
rising temperature followed, by chills and 1 
or more days free from symptoms. 

Pathology is caused by the destruction of 
erythrocytes, blockage of capillaries in the 
viscera, and damage to the liver due to a 
lack of oxygen. Diagnosis is by microscopic 
examination of blood smears. The disease is 
commonly treated or prevented with chlor- 
oquin or atabrine and by other synthetic 
drugs. 
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Prepared microscope slides containing the 
four species of plcismodia may be studied. 
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TaPIcS AND SUBTOPrCS 
18.242 . Toxoplasma gondii 



A. ESSENTIAL INFORMATION 
T. gondii is an obligate intracellular par-i 
osite of the reUculoendothelial system. The 
parasite ia coccidian) and sexual reproduc- 
tion occurs in the intestine of cats. A tissue 
phase is found iir many animals\(humans, 
cows, pigs, sheep, chickens, and rats) which 
have accoutred the infection from ingesting 
fecal matter from cats ox meat from infected 
animals. Toxoplasmosis ip. adults may be 
asymptomatic, chronic, or more rarely acute. 
This organism may be transmitted from an 
infected mother to the fetus leading to birth 
defects, abortion, or stillbirth. 



B. ENRICHMENT INFORMATION 



Prevention is by thorough cooking of meat 
and careful handling of cat Utter boxes, es- 
pecially by pregnant women. Diagnosis is 
usually by serological inethods, but micro- 
scopic examination of appropriate tissue 
may reveal organisms. Treatment is with 
pyrimethamine and sulfonaniides. 



C. PRACTICAL ACTIVITIES 
Prepared microscope slides of tiBSUo con- 
taining T.' gondii may bo studied. 



18.3 



18.31 



General Features of Hel- 
minth Infection \ 

Transmission of Hel- 
minths 



18.32 



Pathogenesis of Dis- 
eases Produced by Intes- 
tinal Helminths 



18.33 



Symptoms of Intestinal 
Helminth Infection 




Transmission of helminths may be direct 
by ingestion of ova or by penetration of the 
skin by larvae. In certain cases, transmission 
is by eating improperly cooked meat con- 
taining larval forms. Some larvae may also 
penetrate human skin after undergoing a 
developmental cycle in snails and then be- 
coming free-living larvae. 

Ii\]ury may be produced by the adults in 
the intestinal tract where irritation or pen- 
etration of the intestinal wall may take place 
or where attachment of the helminth may 
open the way for bacterial infection. Larvae 
may produce local or generalized reactions 
during their invasion and migration through 
the host's tissue. Localized reaction depends 
on the degree of 'sensitization of the host to 
products of the parasite. 



Symptomatology of helminth infections 
depends upon the species, number, and lo- 
cations of these parasites, the amount of 
migration of the organisms through the tis- 
sues, and the degree of sensitization of the 
host to the parasite. Chronic and repeated 
helminth infestations may result in anemia, 
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Many ova are infective for a new host 
.after the ova have undergone some devel- 
opment outside of the body. Other ova are 
infective immediately. Historically, the reli- 
gious prohibitions against eating pork were 
laid down because of the illnesses which 
were produced after eating incompletely 
cooked infected meat. 

■ - 
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TOIMCH AND SUDTOl'ICS 



^rr 18.4 Medical Helmintholpgy 

18.41 Nematodos, the Round- 
worms 



18.411 AscariH iumbricoidea 



18.412 Enterobius vermicu- 
laria (Pinworms) 



18.413 Necatur americanus 
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A. ESSENTIAL INFOUMATION , 

intormittont abdominal aymptoms, aigna of 
pneumonia during larval migration, and low- 
ered general healtli. 



The adult ascaris is the largest of the 
human intestinal roundworms. It may reach 
20 cm in length. Ascorfasis is the most 
mon helminthic infestation of humans* It 
occurs when ingested eggs hatch in the small 
intestine, enter the bloodstream, and reach 
the lungs, where they are coughed up and 
swallowed. Adults reach maturity in the in- 
testinal tract. Symptoms may include ab- 
dominal pain and allergic reactions to the 
pulmonary cycle. 

These small roundworms (2 to 3 nun) are 
inhabitants of the cecum. Infection ia com- 
mon in temperate climates and is not limited 
to low^r socioeconomic groups. At night, the 
fem£^4eijierges from the anus and lays her 
eggs in the perianal region. Itching develops 
around the perianal area which leads to rein- 
fection. The eggs may be spread throughout 
the house by contaminated bedclothes, fin- 
gers, and other objects. 

The adult N, americanus, the NeW World 
hookworm, is approximately 1 cm long. It 
attaches to the mucosa of the small intestine 
by two pairs of chitinous plates in its mouth. 
Eggs leave the host in feces and develop to 
yield larvae in 24 to 48 hours. Larvae pene- 
trate through the skin to the blood vessels 
and lungSfiwhere they are coughed up and 
swallowed. Maturation takes place in the 
small intestine. Infestation with a small 
number of worms may be asymptomatic. In 
chronic infestation with a large number of 



D. ENIUCHMENT INFORMATION 



Transmission is by the fecal-oral route, 
with infestation most prevalent in ^oung 
children. Eggs leave the body of the host in 
feces, develop in soil, and become infectious 
after 10 to 14 days. Large numbers of adult 
worms may cause obstruction of the small 
intestine. 

Diagnosis is made by finding eggs in the 
stool. Treatment is with piperazine citrate 
and other drugs. 



Enterobiasis is extremely , prevalent in 
groups of young children and their house- 
holds. Infection is self-limiting in the ab- 
sence of reinfection. Diagnosis is made by 
microscopic examination of cellophane tape 
which has been pressed around the perianal 
region. "Treatment is with pyrivinium pa- 
moate, piperazine, or pyrantel' pamoate. 
Generally an 'entire household must be 
treated. 

Hookworm infection may be prevented by 
proper sanitary measures and by wearing 
shoes in infested areas. Diagnosis is made by 
demonstrating eggs in stool specimens. 
Treatment of hookworm infections is usuaUy 
not necessary. An iron-rich diet helps to 
prevent symptpms. 

Ancylostoma duodenale, the Old World 
hookworm, is common in southeast Asia. A, 
braziliense and A. caninum are parasites of 
dogs and cats which occasionally infect hu- 
mans. Creeping eruption or cutaneous larva 
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C. PRACTICAL ACTIVITIKS 
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TOPICS AND HUntQPICH 



18.414 Stron^loi^lea Htercor- 
aiis (Thrq^ttd^orm) 



18.415 Trichuris trich\ura 
(Whipworm) 



18.416 Trichineila spiralis 



ERIC ^ 



A, KHHKNTIAl. INFOUMATION 

wormH, 100 to 200 ml of blood pur day may 
bu rumovud ruHultloK In IronMluficluncy anu< 
min. 



The ndvdt worms of Htercoralis paraBi- 
tizu thu duodenum or jejunum of humanB. 
The egga, pasflud by the fortllizOd female, 
hatch in the inteBtinal mucoan, and the lar- 
vae leave the body in the fecoB. Infection is 
acquired by penetration of the larvae into 
the skin of the new hoBt followed by passage 
through the bloodstream to the lungs, where 
they are coughed up and then swallowed. 
Diagnosis is made by finding the larvae in 
the feces. 

Adult worms are found in the cecum. The 
eggs are passed in the feces to the soil where 
embryonic development takes place. In- 
fected eggff are ingested by the new host and 
develop into the adult stage \n the intestines. 
Trichuriasis is a common disease among 
children, of tropical countries and is often 
asymptomatic. In heavy infections, prolapse 
of the rectum, loss of weight, vomiting, diar- 
rhea, and dysentery occur due to the worms 
penetrating the mucosa. 



Humans become infected with T. spiralis 
by eating insufficiently cooked meat of flesh- 
eating mammals or certain domestic animals 
(pigs) which contain larvae encysted in 
striated muscle. Worms from digested cysts 
develop in the intestine and produce larvae 
which penetrate the mucosa of the small 
intestine and are disbursed by the blood. 
They invade striated muscle primarily of the 
diaphragm, arms, and legs. Most cases are 
asymptomatic; however, symptoms may oc- 
cur depending on the particular tissue in- 
vaded and severity of infection. An acute 
inflammatory reaction may occur around 
parasitized muscle fibers. 
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11, KNIUCHMIONT INKOHMATION 
rnigranH cmiHod by these animal parasites la 
[)ro(luceci when the larvae burrow under the 
luunan Hkln ^producing Irritating tunnelH. 
Diagnoaia la made by ohaervtng the trackH in 
the akin. ' > 

The life cycle of Strongyloides la very 
complijx; diffor6nt life cyclea may occur dur- 
ing a single infeatation. Strongylokliaaia ia 
characterized by watery, mucoid diarrhea. 
Treatment ia with thiabondezole. 



Prevention is by sanitary waste disposal 
and washing of hands. Diagnosis is made by 
examining feces for unsegmented lemon- 
shaped eggs with plug-like ends. Trichuris 
infections may be treated with mebendazole. 



The domestic animal cycle depends upon 
the feeding of raw garbage containing in- 
fected table scraps to swine. Diagnosis of 
trichinosis is by intradermal testing, muscle 
biopsy, or serological testing. There is no 
specific treatment, but steroids may provide 
symptomatic relief. 



0. PUACTICAL ACTIVITII^H 



Prepared microscope slides and preserved 
material may be studied to illustrate eggs 
and adults. 



Prepared microscope slides of encysted 
larvae may be observed. 
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TOIMCH AND HUnTOIMCH 
IHi42 CoHiodoH criipoworinH) 



1^421 



Tamia noHtm 



(Pork 



18.422 Taenia aaginata 
Tapeworm) 



(Douf 



18.423 Diphyllobothrium la- 
tum (Fiah Tapeworm) 



A. KHHJONTIAl INKOUMATION 



Tho adult of 7'. Holium Ih fouu<l In the 
upper part of the Jejiuunn of hiiinauH where 
it attacheH by ineaiiH of hookH on ilH Hcolex, 
KggH or proKlottldH are pamied In the feceH 
and eaten by hoga. The egp hatch in the 
Inteatlnal tract of the hog, then penetrate 
tlte Inteathial wall and migrate to muHcleH 
and other tltinueH. Infection of humana oc- 
curs from eating unilercooked pork in which 
the larvae are encyflt^uLW^rmH are 2 to 4 
metoru in length and havJTteip than 1,000 
proglottids. 



Humans are the definitive host of T, sa* 
ginata. Intermediate hosta are herbivores, 
with cattle being the most important. Graz- 
ing cattle are infected by eating ova or pro- 
glottids contained in contaminated feces of 
humans. The eggs hatch in the intestine, 
larvae penetrate the intestinal wall and mi- 
grate to muscles, where they become en- 
cysted. Infection occurs when the cyst is 
ingested in undercooked meat. Worms are 4 
to 10 meters in length and have approxi- 
mately 2,000 proglottids. T. aaginata how- 
ever produces little toxic, irritative, or al- 
lergic reaction. 

D, latum ia the largest tapeworm of hu- 
mans reaching a length of more than 10 
meters. There are more than 3,000 proglot- 
tids per tapeworm and 1 million eggs may 
be excreted by the tapeworm each day. In- 
fection occurs from eating raw or under- 
cooked freshwater anin^als. Eggs are passed 
in the fec^s and hatch inlTesh water. If the 
intermediate host (flshTcrustaceans) ia in- 
gested! larvae develop^to the adult stage in 
the ileum. 



II l']NHIUnMI^NT INFOHMATION 



UiagnoHiH in nuulu hy finding proglottidH 
or eggH in feotm or on HWalm iVom the perianal 
region, Ocoauionally, encyHted larvae may 
develop in humana, li]ggH in the fecea \my 
ho HWept haok into the duodenum hy reverae 
periatalHiH. The egga hatch and the larvae 
migrate to muacle tiaaue or brain tiaMue 
wnere they encyat and cauHo diHeaae. 



Diagnoaia is made by finding eggs or prog- 
lottids in feces oi* on swabs from the perianal 
region. Treatment is with niclosamide. If the 
scolex is not passed following treatment, 
more proglottids may develop. 



The fish tapeworm is found in cold, fresh- 
water lakes. In areas where untreated sew- 
age ia allowed to ^nter fresh water, infection 
of fish and crustaceans occurs. 



a PDiACTioAh Atrrivmictj 



Prepared ndoroMcope alidoa and preaervod 
fecal matter containing ova nuiy bo ob" 
Herved. Prcmerved proglottidH or entire 
adulta may aim) be Htvidied. 



Prepared microscope slides and preaerved 
fecal matter containing ova may be ob- 
served. Preserved proglottids or entire 
adulta may also be studied. 



18.424 




Hymenolepais nana 
(Dwarf Tapeworm) 
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//. nana ia the most common tapeworm \ Diagnosis is by fmding ti^ eggs ^feces. 
of humans, generally occilrring in children 
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WVm AND HUHTOI'IOrt 



tO.'t^f HchiHtoHoma (Blood 
Flukou) 



A, KH.SHNTIAL INKOIIMATION 
In troplofU olliualt^M, No liUoiiuu<lliUu honr Ih 
nuiuinxl, luKi^MUul ohh^ \miv\\ In (Iim huutll 
iuioHtIno, |H)u<4tratt) tho villi, luul latuv hruak 
ovit into (hu Uinujii nnd Mittu^h to tho uuuuum, 
U^\\i iut'ootioim Hhow noHymptonm, wlun'ouH 
hoMvior Infuoiloim producu nhdotniuid ptdn 
and (liarrhoa. 

Mvor llidcuH aru llaitunud and nmuouoionM, 
poHHOHH omi atui vuntval miokovn, and livo in 
thu hilu dncUH of tho livur. Major gunora 
inolndo ChmorMH, OpiHthorvhiH^ and Fan^ 
ciala, Lifu cychm'involvu Hnaila an inluiinu* 
diatu hoHtH and inannmdH includinK hmnann 
HH (tefinitivu hoHtH. V\h\\ n\i\y alflo act an 
additional intunnudiatu hoBta. Fhikua aru un- 
duinic in thu Far Eaat whuru fiah ponda are 
furtilizud with hviman fucuH. 

SchiHtoHOndaHiH ia a diHuaau cauHud by 
mumburB of thu K^nuH ^chiHtoHOtna which 
livu in thu blood vuhhuIs. BggH aru panaud in 
urinu and/or fucuB. Thu ugga arc ingoatud by 
apocific snails which aorvu as intormediatu 
hosts. Tho froo-BWimming laWal atagu ia in- 
fective by penutrating thu human skin. 
Symptoms may vary from a transient raah 
to acute illness and possible death. 



II HNHIOIIMWNT INFOKMATION 



Moat caacm are aaymptonuititv, howuvuv, 
luMivy infuotion roHultH In ahdondnal pain 
and diarrhea. Dlagnoaia ia nuulo by finding 
ugga in fucin). In many Far Itlaat countriim, 
raw Hah aru traditionally oaton and aro a 
conunon aourca of infuction. Livur llvikua 
nuiy livu for 20 yuara." 



DiagnoHiH Ih made by findjng ugga in focea 
and/or urine. SchiatoHomiaHlH Ih found in 
Africa, South Asia, and tropical Anierica. 



0. iiiAOTioAii Ayrivriii^iH 



10.0 Diagnostic Microbiol- 
ogy 

19.1 Diagnostic Bacteriology 



19.2 Transport 



Diagnostic bacteriology is primarily con- 
cerned with the identification of organisms 
as they relate to infectious disease and to 
'the relative resistance or susceptibility of 
pathogenic bacteria to antibacterial agents. 

Specimens should be taken from appro- 
priate body sites by using aseptic techniques 
and transported to the laboratory as quickly 
as possible in appropriate transport media. 



Examples of specimen sources include 
throat, nasopharynx, wounds, sputum, 
blood, cerebrospinal fluid, urine, feces, and 
tissue biopsies. 



19.3 Sterile Body Sites 



ERIC 



Many body sites or tissues such as blood 
and c^ebrospinal fluid are normally devoid 
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TOinCS AND SUBTOPICS 



19.4 



19.5 



19.51 



19.52 



19.6 



19.7 



19.8 




Normal Flora 



Isolation 



Initial Information on 
Bacteria 



Bac'ttirial Identification 



Antibiotic Susceptibility 



Parasite Identification 



Fungus Identification 



A. KSSENTIAL INFORMATION 
of microorganisms so that recovery of micro- 
organisms from these areas is significant. 

Many parts of the body have normal mi- 
crobial flora so that microorganisms cul- 
tured from these areas mqst be considered 
in this light. 

To identify bacteria, it is generally neces- 
sary to streak the specin>^ on appropriate 
semisolid agar in a petri dish and isolate 
colony-forming units. 

, The Gram reaction, cellular morphology 
and arrangement, and colonial morphology 
and growth on selective and differential me- 
dia provide valuable information toward 
identification of many bacteria. 

The ability to grow and reproduce in var- 
ious biochemical media, the end products of 
such growth, susceptibility to certain anti- 
biotics, and reactions with speteific antibody 
are common methods in bactenal' identifi- 
cation. 

When a pathogenic bacterial strain is iso- 
lated from a patient, antibiotic susceptibility 
patterns of that organism are often consid- 
ered more important than its identification. 
A bacterial isolate is generally subjected to 
a panel of antibiotics to determine its sus- 
ceptibility or resistance to each drug. 

Diagnostic laboratory parasitology pri- 
marily involves searching for the adult or- 
ganisms, eggs, cysts, or trophozoites in pa^ 
tient specimens. Material is rarely cultured. 



Detection and identification of fungi in 
the diagnostic laboratory are based primar- 
ily on recognizable macroscopic and micro- 
scopic characteristics. Growth of fungi in 



B. ENRICHMENT INFORMATION 



Escherichia coli is normally found in the 
stool but is a common urinary tract patho- 
gen. 



It is difficult and usually impossible to 
iientify bacteria if they are not in pure cul- 
ture. 



Speed and accuracy of organism identifi- 
cation is necessary for patient care. 



Identification of anaerobic bacteria Lb 
aided by the use of gas-liquid chromatogra- 
phy for detection of characteristic fatty acid 
end products. 



The susceptibility pattern of a bacterial 
isolate is often determined and reported 
along with a brief description of the orga- 
nism (e.g., gram-negative bacillus) before 
the organism is identified. 



C. PRACTICAL ACTIVITIES 



Throats may be swabbed and specimens 
cultured on blood agar plates. 



Pure and mixed cultures of bacteria 
streaked for isolation should be studied. 



Colonial characteristics of bacteria grown 
on semisolid media in petri dishes may be 
studied. Gram stains should be performed. 



Many commercially produced systems are 
used in clinical laboratories for the identifi- 
cation of Enterobacteriaceae, nonfermen- 
ters, and yeasts. These systems might be 
obtained from clinical laboratories for dem- 
onstration. 

An experiment showing the effects of var- 
ious antibiotic disks dropped on a lawn of 
bacteria growing on semisolid agar in a petri 
dish may be performed. 



Some serological procedures are available 
which aid in the diagnosis of certain parasitic 
diseases such as amoebiasis and trichinosis. 
Toxoplasmosis is primarily diagnosed by se- 
rological means. 

Serological techniques are available as an 
aid in the diagnosis of certain fungal infec- 
tions. However, serological cross-reactions 
among some of the fungal agents make in- 
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Prepared microscope slides of parasitic 
protozoans may be studied. 



Projection slides illustrating macroscopic 
and microscopic fungal characteristics may 
be studied. 
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TOPICS ANIJ SUBTOPICS 



19.9 Virus Identification 



A. ESSENTIAL INFOUMATION 
clinical specimens often requires many 
weeks. 



Few clinical laboratories are equipped to 
isolate and identify a virus. Growth must 
tkke place in living tissue, and identification 
is usually made from this tissue based on 
specific antibody reactivity or characteristic 
cytopathogenic effects of a given virus dn 
specific cell cultures, embryonated eggs, or 
laboratory animals. 



B. KNUICIiMKNT INFORMATION 
terpretation difficult. Diagnosis of crypto- 
coccal meningitis is aided by the immuno- 
logical detection of the cryptococcal antigen 
in cerebrospinal fiuid. 

For the most part, laboratory evidence of 
viral infection is obtained by serological 
means rather than by virus isolation. The 
time involved in viral isolation and identifi- 
cation can vary from a few hours (herpes 
simplex virus) to 3 to 5 weeks (cytomegalo- 
virus). Also, serological evidence of viral in- 
fection requires submission of an acute and 
convalescent blood specimen (usually 10 to 
14 days apart) to demonstrate a significant 
rise in antibody titer. 



C. PIIACTICAL ACTIVITIES 



Projection slides showing tytopathic ef- 
fects in tissue or embryonated eggs may be 
shown. 



20.0 

20.1 



Diagnostic Immunol- 
ogy 

Serology 



20 1 1 



20.12 



Identification 
gens 



Identification 
body 



of Anti- 



of Anti- 



Serological tests attempt to detect specific 
antigens or antibodies in any body fluid or 
tissue of a patient. The results are of clinical 
importance in the identification of infectious 
agents, self and fetal antigens and their cor- 
responding antibodies. In all serological test- 
ing, the identity of one component, antigen 
or antibody, is known. 

An unknown antigen can be identified or 
typed by means of known antibody, 



The presence or absence of antibody and 
the titer (level) of antibody can be deter- 
mined by employing known antigen in the 
antigen-antibody reaction. 



An organism may be identified as a mem- 
ber of the Salmonella genus by the use of 
specific antiserum. 

Serial dilutions of a patient's serum may 
be tested with known antigen. A jow titer 
may suggest that a patient has had previous 
infection or immunization with that orga- 
nism. A rise in titer, when acute and conva- 
lescent serum samples are compared, sug- 
gests that active infection is or recently was 
present. 



20.2 



Antigen-Antibody He- 
actions 
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TOPICS AND SUBTOPICS 
20.21 Valence of Antibody 



20.22 Valence of Antigen 

20.23 Lattice Effect 

20.3 Serological Tests 

20.31 Agglutination Test 



20.311 Basis of Test 



A. ESSENTIAL INFORMATION 
Valence is the number of antigenic deter* 
minants or sites with which one antibody 
molecule can combine. Immunoglobulin G 
(IgG) antibodies are bivalent (two sites), 

whereas IgM has a valence of 5 to 10. ^ 

s 

Antigens are multivalent, i.e., have many 
antibody-combining sites. 

When multivalent antigens and bivalent 
antibodies combine, they link in a lattice- 
type formation. 



The reaction between antibody and a par- 
ticulate antigen is referred to as an aggluti- 
nation reaction. The antigen may consist of 
suspensions of organisms, erythrocytes, or 
uniform particles such as latex beads which 
have antigen adsorbed onto them. 

Particulate antigens mixed with specific 
antibody clump due to the antibody holding 
them together 



B. ENRICHMENT INFORMATION 
Electron micrographs show antibodies at« 
tached to antigens by twp attachment sites 
in the case of IgG and two or more for IgM. 



Electron micrographs show that a micro- 
organism may have many antibodies at- 
tached to it. 

The lattice effect is dependent upon pH, 
ionic strength, and temperature. 



Agglutination reactions are dependent 
upon pH, ionic strength, and temperature. 



Salmonella typing may be carried out by 
either slide or test tube agglutination pro- 
cedures. 



C. PRACTICAL ACTIVITIES 
A diagram showing «ite9 for ahtig^ bitid* 
ing in IgG and IgM mblecufes may be stud- 
ied. ' 5^'^ 



A diagram or drawing of the lattice effect 
may be studied. 



Projection slides of agglutination tests and 
reactions hiay be studied. 



I Ina 

V 



Agglutination reactions such as those for 
the detection of rheumatoid factor are com- 
mercially available and may be performed. 



20.312 Hemagglutination 



20.313 Hemagglutination Inhi- 
bition 



20.314 Blood Typing 




Hemagglutination is the ability of certain 
substances to attach to (adsorb) the surface 
of erythrocytes resulting in a clumping of 
the red cells. Influenza virus hemagglutin- 
ates erythrocytes and can be detected and 
quantitated by this method. 

Specific antiserum against the influenza 
virus will combine with its antigen (virus) 
and prevent the virus from attaching to the 
erythrocytes and thus prevent hemaggluti- 
nation. This is known as hemagglutination 
inhibition. 

^\ Blood groups are systems of different an- 
ti^ns on the surfaces of erythrocytes. The 



most important are the A, B, 



O. and Rh 
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Many other viruses are also able to agglu- 
tinate erythrocytes. This phenomenon is not 
dependent on the presence of antibody 



Hemagglutination inhibition testing may 
be used to identify an unknown virus or 
specific antibody to a known virus. 



A person who has group A antigens on his 
erythrocytes (type A blood) will also have 
antibodies to group B antigen and con- 



Typing of students' blood may be per- 
formed with commercially available typing 
sera. 
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20.32 Precipitation 



20.321 Gel Diffusion 



A. KSSKNTIAL INFORMATION ^ 
systems which may be involved in transfu* 
sion reactions and herholytic disease of the 
newborn. 



The reaction between specific antibody 
and soluble antigen is referred to as a pre- 
cipitation reaction. The' antigen-antibody 
complex becomes insoluble. 

Gel diffusion is a precipitation reaction in 
which the antigen and antibody reactants 
are supported by an agar matrix. The reac- 
tants diffuse toward one another and form 
a detectable insoluble complex recognized as 
a precipitation line. 



B. ENRICHMKNT INFOIJMATION 
verlely. type B blood contains antibodies to 
group A antigens. Therefore, transfusion of 
blood^.from a type A donor into a type B 
recipient or vice versa would result in a 
tranfusion reaction. 

Qualitative and*(}uantitative tests for spe* 
cific serum proteins such as albumin are 
often performed by precipitation testing. 

^rious methods involving gel diffusion 
have been developed of which double diffu- 
sion in agar is a characteristic example. 



C. PIIACTICAL ACTIVITIES 



Precipitation testing using albumin or any 
protein and its specific antibody may be 
conducted by using capillary tubes or test 
tubes. 

The reaction between albumin and anti- 
albumin may also be detected by gel diffu- 
sion. Filter paper disks saturated with the 
reactants are placed 1 cm apart on an agar 
gel surface and allowed to diffuse over night. 



20.33 Complement Fixation 



The binding (fixation) of complement oc- 
curs following the reaction between an an- 
tigen and its specific antibody, The fixation 
of complement can be used as a test to detect 
and semiquantitate antibodies in a patient's 
serum. This test is most commonly used to 
detect antibodies to viruses. 



20.34 Immunofluorescence 
Microscopy 



Antigen or antibody is coupled to a flu- 
orescent dye and then reacted with the un- 
known. The reaction is generally carried out 
on a microscope slide. A specialized micro- 
scope is used for observation. If fluorescence 
is seen, a specific antigen-antibody reaction 
has taken place. 



The presence of certain antibodies in se- 
rum, identification of microorganisms, and 
detection of antigens in tissue sections is 
often determined via immunofluorescence 
microscopy. 



20,35 Radioimmunoassay 
(KIA) 



Radioimmunoassays are useful in measur- 
ing the serum levels of many hormones, 
drugs, and other biological materials. The 
method is most often based on competition 
for specific antibody between radioactively 
labeled known material and unlabeled un- 
known material. 



1 Radioimmunoassay is very sensitive and 
^capable of detecting substances in nano- 
Wrams per milliliter. 



20.36 




Enzyme- Linked Immu- 
nosorbent Assay 
(ELISA) 



3CJ 



ELISA is analogous to radioimmunoassay 
or immunofluorescence except that the an- 
tibody is conjugated to an enzyme. Detec- 
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ELISA testing approaches the sensitivity 
of RIA without the drawback of using radio- 
active materials. 
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20.4 



20.5 



20.6 



Skin Tests Involving Im- 
mediate Hypersensitiv- 
ity (Atopic Allergy) 



Skin Teats Involving 
Delayed^ Hypersensitiv- 
ity I 



Detection of Cells in the 
Immune Response and 
Their Function 



A. ESSENTIAL INFORMATION 

tion of an antigen*antibody reaction is then 
dependent on a color reaction resulting from 
the reaction of the eiizyme with its substrate. 
The substrate chosen so that it is colorless 
initially and, on degradation by the enzyme, 
yields a colored product whose intensity can 
be measured spectrophotometrically. 

In atopic allergy^ testing, the patient is 
injected intradermally wxlh a series of anti- 
gens (allergens such as pollen, danders, etc.) 
to determine the ones to which he is sensi- 
tive. If specific antibody (IgE) is present, a 
localized reaction occurs at the injection site 
within minutes. 

Delayed hypersensitivity skin testing in- 
volves the intradermal injection of certain 
antigens to demonstrate cutaneous hyper- 
sensitivity. Since these tests involve a cell- 
mediated (T-cell) response, a localized re- 
action at the injection site occurs within 24 
to 72 hours. 

\ 

The amounts and the function of lympho- 
cytes, granulocytes, and macrpphages are 
important in determining the immunocom- 
petence of a host. There are a variety of 
methodologies by which the amounts and 
function of these cells can be determined. 



B. ENRICHMENT INFORMATION 



Genetic factors seem to predispose indi- 
viduals to atopic allergies. Approximately 
10% of the population suffers from asthma, 
hay fever, and other atopic allergies. 



Delayed hypersensitivity skin testing is 
used to demonstrate hypersensitivity to tu- 
berculosis, systemic fungal diseases, and poi- 
son ivy. It is also used in the assessment of 
immunocompetence. 



Lymphocytes which bind sheep erythro- 
cytes to form rosettes are T cells. This 
marker is used to identify and quantitate T 
cells. Lymphocytes with suriface immuno- 
globulins [B cells] can be identified and 
quantitated by immunofluorescence. 



21.0 Epidemiology 

21.1 Epidemiology 



21.11 Sporadic 



21.12 Endemic 



Epidemiology is the study of the factors 
which determine the frequency and distri- 
bution of infection and disease in a given 
population. 

Some diseases may be present in a com- 
munity with only a few cases becoming clin- 
ically evident from time to time. These cases 
are said to occur sporadically. 

A disease is said to be endemic if it is 
continuously present in a given popiilation 
at a loWjevel ofincidence. 





Knowledge of the distribution of a disease 
within a population can be used to identify 
the etiological agent and to design strategists 
for its prevention and control. 

Virus diseases such as mumps may occur 
sporadically in school age children. 



Measles is an example of an endemic dis- 
ease in the United States. 
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TOPICS AND SUBTOPICS 
21.13 /Epidemic 



A. ESSENTIAL iNFORMATION 
An epidemic is a rapidly progressing out- 
break of an infectious- disease through a 
population of susceptible individuals. An en- 
demic disease which significantly increases 
in incidence within a given period of time 
can become epidemic. 



B. ENRICHMENT INFORMATION 
No specific number of cases can be used 
to identify an epidemic. One hundred cases 
of bacillary dysentery per 100,000 persons in 
the United States would be considered an 
epidemic, whereas the same incidence in the 
Far East might n^t be considered unusual or 
may even be considered as endemic. The 
possibility of a particular organism produc- 
ing an epidemic depends in part on the num- 
ber of individuals in the population who 
have immunity to the organism either from 
previous infection or from iixununization. 
The genetic background of the population, 
the virulence of the particular strain of the 
pathogen, and the intensity of exposure of a 
given group of individuals in the population 
are all factors involved in determining 
whether a disease becomes epidemic. 



C. PRACTICAL ACTIVITIES 
Weekly epidemiological reports of com- 
municable diseases within each state may be 
obtained from the local health department. 



21,14 



Pandemic 



A pandemic is an epidemic of unusally 
great proportions often involving more than 
one country or continent. 



Influenza is a classical example of an in- 
fectious agent that has caused pandemics in 
the past. 



21,15 Recognition of Epidem- 
ics 



A continuing survey of the morbidity rate 
(number of cases per 100,000 persons) and 
mortality rate (number of deaths per 1,000 
cases) of a given disease will indicate an 
epidemic if either rate suddenly increases in 
frequency. 



Statistics are kept by health departments 
as to the seasonal incidence and localities 
involved in the spread of disease. 



21,16 

7 



Reservoir of Infection 



21,17 Zoonotic Infections 



Reservoirs of infectio;i include carriers or 
active cases, soil and water which might 
harbor organisms, or animals which might 
harbor an infectious agent which is trans- 
missibie directly or indirectly to humans. 

Zoonoses are infections of anim^ which 
can be transmitted directly or indirectly to 
humans. 



The reservoir of a disease-producing infec- 
tious agent is the sum of all the potential 
sources of that infectious agent. 



Rabies is primarily a disease of skunks 
and bats which act as a reservoir with poten- 
tial infection to humans. 



21,2 



Transmission of Disease 



ERIC 



3J3 



Factors determining the method of trans- 
mission of disease are the means by which 
the microorganisms leave the body (the por- 
tal of exit), survival of the microorganisms 



Portals of exit and entry include direct 
contact between individuals, the respiratory 
route, the fecal-oral route, and inoculation 
by animals, insects, or instruments. 
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21.21 Diseases Transmitted 
by Direct Contact 



A..ESSENTIAL INFORMATION 
while outside the body, land the method^ of 
entering the new host (portal of entry). 

Diseases which require direct contact for 
tranismission are caused by microorganisms 
that require a living host and which have a 

^ low resistance to the environment outside of 

' the host. 



21.211 



Sexually Transmitted VD are transmitted.almost solely by sex- 

Disease (STD), or Ve- ual contact or by routes which include direct 



21.22 



nereal Diseases (VD) 



Diseases Transmitfted 
by Air 



21.221 Dust-Bome Organisms 



21.23 Food-Borne and Water- 
borne Diseases 



contact from a lesion of one person to the 
skin or mucous membranes of another. 



Airborne transmission of disease is caused 
by inhalation of droplets of sputum or saliva 
from an infected host or inhala^on of dust 
which contains spores from an organism 
growing in soil. Air-borne (respiratory) 
transmission is the most common method 
by which infectious agents are transmitted 
in humans. 

Fungi which cause systemic infections 
grow in the soil and produce spores in large 
numbers which are inhaled with circulating 
dust. 

Organisms which leave the body in excre- 
ment may find their way directly into water 
and indirectly into food by way of foodhan- 
dlers or flies. Bacteria, vinises, and many 
intestinal protozoa are infective if consumed 
by a new host. Some helminths, however, 
complete part of their life cycle in the water 
or in another organism before becoming in- 
fective for a new human host. 



B. ENRICHMENT INFORMATION 



The fastidious nature of these organisms 
show a high degree of adaptation of the 
parasite to its host. 



Syphilis and gonorrhea are sexually trans- 
mitted diseases. The negessity of a close 
relationship between these parasites and 
'^fieir^host is shown by their inability to 
withfiA^nd environmental conditions outside 
ofthe host. 

The conmion cold and influenza are two 
examples of diseases transmitted by droplets 
and which use the respiratory tract as the 
portal of entry and the portal of exit. 



C. PRACTICAL ACTIVITIES 



Blastomycosis, histoplasmosis, coccidi- 
odomycosis, and cryptococcosis are exam- 
ples of systemic mycoses transmitted by this 
method. 

Organisms such as intestinal viruses may 
only survive in water, but bacteria such as 
salmonellae may multiply in great numbers 
in food such as meat and egg products. 



- / 



V 



Films about venereal diseases may be 
shown to offer an understanding of epide-^ 
miological principles as well as information 
about the diseases. 



Food-handler laws and Environmental 
Protection Agency regulations may be dis- 
cussed. 



21.231 



ERIC 



Food Infection Versus 
Food Intoxication 



3Cj 



Disease produced by microorganisms may 
be either infectious (the organisms attack 
the cells of the host) or intoxications (the 
organisms do not have to be present but 



Boils caused by Staphylococcus aureus 
are an example of an infection, whereas food 
poisoning paused by enterotoxins produced 
by S. aureus is an intoxication. 
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21.24 RiseaBCs Transmitted 
•by Inoculation 



2 1 .24 1 Transmission by Arthro- 
^ pods 

3 



2 1 .242 Transmission by Animal 
Bite 



"21.243 Transmission by Punc- 
ture NYtfiind. 



: 21.244 Transmission^y Artifi- 
cial Inoculation (Needle 
^ and Syringe) i. 



Nosocomial Infections 
7 (Hospital Acquired) 



A. ESSENTIALUNFORMATION 
toxins produced by the microorganisms may 
cause the disease)t^ 

Inoculation can occtir by insect and ani- 
mal' bites, ^by puncture wounds, or, more 
rarely, by needle and syringe. 



Many arthropods (insects such as mos- 
quitoes, ticks, and fleas) may act as vectors 
by transniitting infectious agents from one 
host to another (animal to human or human 
to humans). 

A small number of diseases are transmis- 
sible to humans by animal bites. Rabies is 
the classical example. 



'21.4 Quarantine 



B. ENRICHMENT INFORMATION 



Direct inoculation of microorganisms by 
arthropods may be necessary to transmit 
certain organisms which have no other por- 
tal of entry to the host. Other organisms 
require damaged tissue to become estab- 
lished. ^ ^ 

iftoclcy Mountain spotted fever and ma- 
laria are examples of diseases transmitted 
by arthropods. Control of anu«J reservoir 
hosts and elimination of arthr^^d Vectors • 
help control the spread of certain diseases. 

The rabies virus i^^Vesent in the salivary 
glands as well 'As other tissues ofrinfected 
carnivores. The virus in the saliva is able to 
establish itself onljj^because 'the ^ite pro- 
duces abraided tii 



Gas gangrene and tetanus are caused by 
organisms which gain entrance to the body 
through a deep wound. The diseases are 
caused by the exotoxins produced by these 
anaerobic sporefprming br§6illi. 

■? - ' 

Although any infectious agent can be 
transmitted accideptaUy by a contarpinated 
'needle puncture, hifepatitb B virus (HBV) is 
the mosS significant. Hospital personnel, 
homosexuals, ai^d drug addicts zx^ at great- 
est risk. 

Hospital-acquired infections can be trans- 
mitted to patients Jby direct contact with 
other patients or hospital personnel, by air, 
food or water, or by contact with contami- 
nated foihites (inanimate objects) such as 
syringes, needles, or bed clothing. 

Quarantine is the isolation of individuals 
with highly contagrous disease to minimize 
or^liminate spread of this disease to others. 



If an individual has been previously im- 
munized or is given a prophylatic injection 
of antitoxin, tetanus may be pft-evented. 



These diseases may be especially severe 
because of the virulence of the organisms 
and/or the lowered resistance of the patient. 
Gram-negative rods are a frequent cause of 
n~osocomial infec^ioiw. * 

^ Some ^t&tes permit state health depart-^ 
ments to*' cjk)se schools, theaters, or other 
large gathering places to avoid ^^pidemics/ 



Medital NTicrobiolog^l'^S 



.topics' AND SUBTOPICS 
1;5 • Immunization 



A. ESSENTIAL INFORMATION ^4 
Prevention or controPpf epidemic^ cftfj be 
facilitatedby active ipOTpunization o^Bupfcep- 
tible populations. Many infectiqu» 'agenU 
capable of causing epidemics such ^ polio 
and measles are now controlled by in^muni* 



zation programs. 



B. ENRICHMENT INFORMATION 



43 



"f 



3J3 




Medical Microbiology— 185 



TABLE OF CONTENTS 




1.0 

1.1 

1.2 
1.3 
1.4 

2.0 
2.1 
2.2 
2.3 
3.0 
3.1 
3.2 
3.3 
3.4 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 

'4.7 
4.8 
5.0 

f 5.1 
5.2 
5.3 
5.4 
5.5 
6.0 
6.1 
6.2 



Stna 11 Mpl ecuies u - ^ - 

Mjcromoleculjr Complexes 
Cellular Composition 

NUTRITION - ^ / .a 

Energy Requirements 

Required Elements and Compoypds 

Media . . . " 

GROWTH ' 

Measurement of Growth 

Factors Influencing Growth 

gpsed System Growth 
pen System Growth 
ENZYMES 
Definitions 
StructiJte 

MechJinism " 

Nomenclature 

Methods of Measurement 

Factors Affecting Rate of En^me Reactions 

Enzyme Inhibition " 

Enzyme Synthesis . 

METABOLISM \ 

Energy ~ 

Catabolism 

Inorganic Compounds'as Energy Sources 
Light as an Energy Source 
Anabolism 

MEMBRANE PHENOMENA 
Membranes and -Energy 
Biological Activities of Membranes 



3 ' 
3 - 
5 
7 

- 

^> 
11 . 
11 
17 
19 
19 
21 
25 ' 
31 
33 
33 
33 
37 
37 
43 
43 
45 
47 
47 
47 
51 
75 * 
75 
77 
91 
91 
101 




^bial Physiology 




TABLE OF ILLUSTRATIONS 

Fig. J. l^has^s oilA\Cixoh\2\ QTo\s\)\^ 
■ in C/psed Cu//ure 
Plots. Exponential Growth 
Cpmp/ementary Structure o£ 
■^4^c>rve Site and Substrate 
-^^i^inc^SWc and Binding of 

It'^^ a|id Negative Effectors 
tn^W^s 0nd-^ctivatidn Energy 
o/ K^aap^s5^ - 
Fig. 6. ^|iz)i^.iCoriccntl-ation*and React/on Rate « 
Fig. 7. Substra}^ Concentration and Reaction R^te ? 
Eife. 8. pH and^Rf^ction Rate 
'Fig. 9. "feedback Inhibition 
Fig. 10. typical Electron Transport System 
Fig. 11, Glycolysis 

Fig. 12, Examples o/ Fermentative Pathways 

Fig. 13, Oxidative Decarboxylation of Pyruvate 

Fig, 14, Tricarboxylic Acid Cycle Summary 

Fig. 15, Tricarboxylic Acid Cycle 

Fig, 16, Cyclic Blectrotr Flow in Phototrophic Bacteti^ 

Fig, 17, No.ncyclic Electron flow in Cyanobacteria 

and Eucaryotic Photosynthesizers 

Fig. 18, Hexose Synthesis « 

Fig, 19. Qrigin of Carbons and Nitrogens in Purines 

andPyrimidines . 
Fig. 20, Synthesis o/ Polysaccharides 
Fig, 21, Proton Translocation and ATP Synthesis ' 




TOPICS AND SUBTOPICS 
1.0 BloGhemlcals 



A. ESSENTIAL INFORMATION 
To understand the nutrition and metabo- 
lism of microorganisms, it ia necessary to 
have some basic knowledge about the chem- 
icals that are involved in life processes. 



B. ENRICHMENT INFORMATION 
For all of this section, a textbook of bio- 
chemistry is advised as a reference, 



C, PIUCTICAL ACTIVITIES 
For all of Section 1.0, sots of molecular 
models may be used for three-dimensional 
visualization of these compounds. 



LI 



Lll 



LUl 



Small Molecules . 



Sugars 



Monosaccharides 



LI 12 Disacchondes 



Substituted Sugars 




AU living material is assembled from small 
organic molecules. 

^gors have the general formula (CHzOn. 
They are water soluble. 



Some important monosaccharides are 
the three- carbon sugar glyOsraldehyde 
UCaiHeOa), various five- carbon sugars (pen- 
toses), and a number of six-carbon sugars 
(hexoses). 



Dis^cbarides are composed of two 
monosaccharides covalently bonded to- 
gether. Two common disaccharides are su- 
crose and lactose. 

Substituted (modified) sugars are impor- 
tant in biological structures. 



Amino acids have an amino group (NH2) 
ipj a carboxyl (COOfi) group/>There are 
about 20 amino acids important in protein 
structure. These units are building blocks of 
proteins. 




A number of texts in microbiplogy have : 
chapters giving information about these 
compounds. 

Sugars are carbohydrates. The name car- 
bohydrate is derived from the fact that for 
each carbon atom there are usually two hy> 
drogens and one oxygen (the same ratio as 
in water). 

Glucose, finctose, and galactose are com- 
monly occurring six-carbon sugars. Common 
five-carbon monosaccharides are ribose and 
deoxyribose. The differences in the arrange- 
ment of hydrogen (H) and hydroxyl (OH) 
groups around carboris in the central chain 
account for the different six-carbon sugars. 

Sucrose is composed of one molecule of 
glucose and one molecule of fiuctose; lactose 
has one molecule of glucose and one of ga- 
lactose. ' ^ 

Some of the ways that simple sugars can 
be modified are removal of hydroxyl groups, 
e.g., deoxyribose; 'addition of nitrogen-con- 
taining . groups, e:g.» iV-acetylgl\;fcosamine; 
and oxidation of one of the hydroxyl groups, 
^g > gluconic acid. 0 
■ ' . ^ "' ■ '.{■ 
A b^ic formula is 

vR-C— COOH 

* ^ r ■ 

NH2 

V^here R iSjQn organic radical. These prganic 
radicals 'li";^^ 'a* wide variety of chemical 
properties. Depending on the R-group prop- 
erty, ah amino acid may be acidic, neutral, 
or basic, and more^-dr-less wat^ soluble. 
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Various chemical tes^/qan be used to 
detect sugars. The Benediqt,*le8t is in many 
introductory biology l^Jj'oratory manuals. 



Muramic acid, a modified sugar found 
only in procaryotic cell walls, has been used 
as a sensitive^indicator of the presence of 
procaryotic organishis in various natural 
samples^ . ^ 

■ . ' ' •■■ 

Some microorganisms synthesize all of the 



amino acids they need, bu| 
some preformed amino aa^ 
s6i^e*microorganisms req 
^ for grpwth has been the basiij 
assays of amino aci(Js^>vitli^ 
(bioassay). > 



grs require 
\rifaet that ; 
10 acld^ 
riquantitative 
j^loorgWisms 



\ 



TOPICS ANO SUBTOPICS 



^1.13 Fntfy Acids 



A. ESSKNTIAL INPORMATIOIs* 



These are chains of carbon (C) with at 
tached hydrogen ending with a corboxyk 
group (COOH). They range in length from^ 
two carbons up to 22 or more carbons. '■ 



D. ENIUCHMIQNT INFORMATION 
El^nmploH of amino acids aro: glutamic, R 
XaH^COO'; lysino, R « C^HnNHa"; gly- 
cine, R « CHa/ 

Volatile short chain fatty acids, for ex- 
ample acetale (2C), butyrate (3C), and pro- 
pionate' (4C) are produced by fermenting 
micr(y>rganisms as fermentation products. 

Longer-chain fatty acids are synthesized 
by essentially all microorganisms for use in 
membrane lipids. 



C. PRACTlCAIi ACTIVITIKS 



Growth of some fungi can be inhibited by 
fatty acids. For example, some atlUi^to's foot 
remedies contain fatty acids. - ^ v ^ 

The natural fatty acids on skin inhibit 
bacterial growth. 

Volatile fatty acids produced by anaer- 
obes are useful in identification of these 
organisms. 



1.14 Nucleotides 



Nucleotides are composed of a nitroge- 
nous base (often a purine or pyrimidinQ) 
linked to a five-carlJfin sugar (ribose or deox- 
yribose) which has one to three phosphate 
groups on it. 



Nucleotides function as subunita of nu- 
cleic acids (Microbial Genetics. Subtopic 
2.11). Also some nucleotides, e.g., adenosine 
triphosphate, function as energy carriers 
(Microb^al^Hhysiology. Subtopic 3.16). 



1.2 



Macromolecules 



Polysaccharides 



1.22 



Proteins 



^ 1.23 



Nucleic Acids 




These are composed of smalIer\lnolecules 
covalently bonded together in an orderly 
and repeating arrangement. ^ 

These are composed of monosaccharides 
linked together. 



These are composed of large numbers of 
amino aci^ls linked together acccMrding/to a 
genetically fdetermined pattern (Microbial 
Genetics, Subtopic 2.31). The b6nd between 
each amino acid in the sequence is called a 
peptide bond. 

These are composed of large numbers of 
nucleotides linked together. If the nucleotide 
sugar is ribose. the compound is ribonucleic 
acid (F5NA).-If the nucleotide sugar is deox- 
yribose^ the compoUhd.is deoxynbonucleic 
^acid (DNA). 



The small Aiolecules are linked together 
by enzymatic pi^ocesses which eliminate wa- 
ter (condensatioiii6i' dehydration reactions). 

Some biologically important polysaccha- 
ride^ arestairch, cellulose, glycogen, and dex- 
trans — all composed of glucose units linked 
together in various ways. Other polysaccha- 
rides are composed of more than one type of^ 
monomer (Microbial Physiology, Subtopic 
1.33). ' ' 

Peptide bonds are formed by linkage of 
the carboxyl (COOH) group of one amino 
acid to the amino (NH2)^group of^^other 
amino acid' (Microbial Genetic8,4ilSu^topic^ 
2.31).i 



You can demonstrate that starch is made 
of monosaccharides by adding some saliva 
(which contains the enzyme amylase) to a 
starch solution and testing for monosaccha- 
rides released as the starch is %>roken down. 



f (Microbial 
2.2). 



Genetics, Subtopics 2.1 and 



Microbial PH^^wloj^— 



Charts showing the nucleotide composi- 
tion and the helical structure of nucleic 
acids, as well as molecular models, are avail* 
able. Nucleic acids are negatively charged 
and stain with basic dyes. If you look at 
methylene blue-stained preparations of pro- 
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*TOI»ICH AND HUH'r()l»IC\S 



A. KHHKI^TIAL INKOUMAllOM. 



D. ENIubllMIilNT INF0IIMA110N 



a PIIACTICAI. ACTIVITIKH 
tozoanH or algau, tho tiucloi Hlain bhiu bo- 
cauHo of tho nogntivu property of tho nucleic 



1.24 LipidH 



\ 



LipidH arc a hotorogonqous group of com* 
pounds that are inaohiblo in watur but are 
soluble in organic solvents such as ether. 

Phofipholiplds are important in mem- 
brane structure. 



Fata and waxes are examplea of simple 
lipftds. ^ 

Triglycendea, storage lipids, are composed 
of three fatty acid molecules linked to glyc- 
erol (a three-carbon compound). 

Phospbolipids, essential compounds of 
membranes, contain a non-water-solublo 
portion (often a glycerol substituted with 
two lol^g-chain fatty acids) and a water-SQl> 
uble portion (a phosphate on the third car* 
bon of glycerol and some charged groups 
attached to the phosphate). 

Sterols are more complex lipids found in 
large ainounta in membranes of eucaryotic 
microorganisms. The procaryotic exceptions 
are the members of the genus Mycoplasma 
which incorporate sterols from the medium 
into their membranes. 



1.3 Macromolecular Com- 

plexes 

1.31 . Lipopoly saccharides 
and Lipoproteins 



1.32 Ribosome (Ribonucleo- 
proteii^omplexes) 



Biological structures are specific asaem- 
blagesof macromolecules. 

These are composed of lipids linked with 
polysaccharides and lipids linked with pro* 
teins. 

Ribosomes are complexes of RNA and 
protein molecules. They are the site of pro- 
tein synthesis. 



These con^pounds are structural compo- 
nents of bacterial cell envelopes and mem- 
branes. 

Ribosomes of procaryotic cells can be dif- 
ferentiated from those of eucaryotic cell cy- 
toplasm by sedimentation in an analytical 
centrifuge. The Svedberg unit is a measure 
of sedimentation velocity. Procaryotic ribo- 
somes^sediment at 70 Svedberg units (70jS) 
'and eucaryotic ribosoiSreS sediment at SOS. 
Mitochondria and chloroplasts of eucaryotic 
cells have 70S ribosomes. 



There are antibiotics, e.g., streptomycin, 
that selectively inhibit procaryotic cells by 
binding to 70S ribosomes. There are other 
chemicals^ e.g., cycloheximide, that inhibit 
eucaryotic cell growth by binding specifi- 
cally ^o 90S ribosomes. 



1.33^ 



Peptidoglycan 




Peptidoglycan consists of a polysaccha- 
ride backbone composed of two substituted 
monosaccharides (rnuramic acid and N-ace- 
tylglucosamine). Short chains of amino acids 



Pepticlbglycan is unique to procaryotic 
cells. 
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Most textbooks of microbiology fiave dia- 
grams of the specific interrelationships of 
the amino sugars and amino acids under a 
discussion of bacterial cell walls. There are 
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TOl»IC\S AND HUUTOIMOH 



1.04 Monibrutio 



1.4 CuUular Composition 



2.0 Nutrition 



ERIC 3VD 



A, lOHHHN'riAl^ INKOUMATION. 
connuct (ho polyHiuicharlde hackbonoH to^ 
"^othor to givu a rigid layoi* to tlut vvW wall of 
bactorin. 

Thu outer and Inner ntenibrane HnrfacoH 
have the watur-Holublu unda of phoHpholipld 
moluculuH IntorHpurHod y^th protein molu- 
culuH. Thu mlddlo layur conelHta of thu non- 
wntur-aolublu fntty acid chnlna of thu phoa- 
pholipidH. I)[iturpoHud'are aomu protuln moU 
oculoa that extend through the membrane. 



Mici|K>bial cells are composed of proteins, 
carbohydrates, nucleic acids, lipids, phos- 
phate$» and other materials. Seventy five to 
ninety percent of the weight of the microb- 
ial cell is water. 



Nutrients are those materials taken from" 
the enviroiunent from which cells draw en- 
ergy and substances required for syntheses 
of cellular components. Because there is 
such a great diversity of microbiological 
types, there is a corresponding diversity , in 
the types of niitriehts required. 



Microbial 



H, KNUICIIMKNT INKOHMATION 



Cell inemhraneH havo altea for a^itlve 
tianaport of nuirlenta Into the cell. Active 
transport HyateiUH allow concuntrailon of nu* 
trlenta Inalde the cell, There are also en* 
zymea that are active In energy motabollam 
aasociated with the membrane. Invaglna- 
tions of the membrane provide more func^ 
tional membrane surface In many photo- 
trophic procaryotes (Microbial Physiology, 
Subtopic 6.0). 

Composition of bactwial cells will vary 
depending upon the kind of bacteria and the 
growth medium. Very rough geheralities of 
composition are as follows: 

Water 

Dry weight of: 
Protein 
Carbohydrate 
Nucleic acids 

RNA 

DNA 
Peptidoglycan 

Gram positive ceUs 

Gram negative^ ceUs 
Lipopolysaccharide 

Gram negative cells 
Inorganic (Phosphates) 

Materials from the enviromnent must be 
able to enter the cell to be used as nutrients.' 

Many organisms make ^oiti simple com- 
pounds all the amino acids, vitamins, and 
metabolic intermediates that they need for 
growth; others have extensive nutritional re- 
quirements. 

Some bacteria, such as th^^g^hti^ of lep- 
rosy and of syphilis, have rieybr/been 5\dti- 
vated on cell-free media. / ::!??'^ 

^ " ■ / . -^F- 
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75 to 90% 

35 to 50% 
2 to 25% 

6 to 25% 
1 to 4% 

15 to 20% 
0.1 to 5% 

5% 
• 0.9% 



i\ PHAtrriOAtirACIUVl'rilOH 
aatihiotlcH, e.K„ penicillin, that Inhibit tho 
fonuution of the peptidoglycan cell wall of 
procaryoteu wlUlu Uuiiy ajH^^^^^ 

Mi ' 

>Soaie fungal mbtttl)faneH coulahv large 
amountH of aterola. Certain chemlcala which 
react with aterola deatablU/.e the inembranea 
and thuH can be used aa antifungal agenta. 
I'hese c(>umlcalH are itot active agaiaat pro* 
caryotlc pathogens because these organisms 
generally lack membrane aterola. The Inhi- 
bition of yuaat but not bacterial growth by 
a compound' like Nystatin can be demon* 
strated. 

Wet weights and dry weights of a mass of 
concentrated bacterial cells can be deter- 
mined to show the water content of the qell. 



Various media may be made to demon- 
strate the concepts that follow; care-must be 
taken in media preparation. Some common 
problems and ways to avoid them follow. 

Mixtures of inorganic compounds may 
precipitate. Watch pH and chelating agents. 
Add only materials which have been dis- 
solved in water, and add them in the order 
suggested iti the forinula being used. 

Many organic compounds interact at high 
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TOPICS AND SUBTOPICS 



A. ESSENTIAL INFORMATION' 



2.1 Energy Requirements 
2.11 Chemotrophs 



The chemotrophs are a. class of microor- 
ganisms which obtain energy by the oxida- 
tion of chemical compounds or elements. ^ 

There are ' two kinds of chemotrophs. 
Some oxidize inorganic elements or com- 
pounds, and others oxidise organic (carbon- 
containing) compounds. Bacteria oxidizing 
inorganic molecules are called lithotrophs or 
chemoautotrophs. Most of these organisms 
obtain all their carbon from CO2 and thus 
are true autotrophs (Microbial Physiology, 
Subtopic 2.211). 

Microorganisms oxidizing -organic com- 
pounds are called organotrophs or chemo- 
heterotrophs. These organisms generally use 
the carbon from their energy source as a 
source of cell carbon so are heterotrophic as 
well as chemotrophic (Microbial Physiology, 
Subtopic 2.212). 



, B. ENRICHMENT INFORMATION . 
An example of the. problems involved an 
" obtaining the proper growth medium is the 
difficulty experienced in initial isolation of 
the agent of Legionnaire's disease. 

Eraser, D. W. and J. E. McDade. 1§79. 
Legionellosis. Sci. Am, 241: 82-99! 

Some examples oToxidations of inorganic 
jnateriais are the following: 

H2S S04^" + energy 
NH4* NOy + energy 



H2 



H2O -H energy 



Organisms that carry out these reactions are 
important in the cycling of elements in the 
biosphere. 

' Some examples of oxidatidh of organic 
materials are the following: 

glucose- (C6H12O6) — > 6CO2 + energy 
stearate (Ci8H3602) I8CO2 + energy 

Generally, the less oxygen an organic mole- 
cule contains, the more energy it will release 
when oxidized to completion. 



C. PRACTICAL ACTIVITIES 
temperatures, i.e., autoclave ^-glucose and 
Kfl2P04 solutions separately. 

Many organic cojnpounds are destroyed 
by temperatures attained in the autoclave. 
Th^se should be' sterilized by filtration. 



2.12 Phototrophs 



Microbial phototrophs are a class of pho- 
tosynthetic organisms which obtain energy 
from light. 



• Some examples are eucaryotic edgae and 
procaryotic blue-green Edgae (cyanobac- 
teria), photosynthetic bacteria. 

Eucaryotic algae carry out photos3mthesis 
by using chlorophyll packaged into chloro-^^ 
plasts and evolve O2. Cyanobacteria have^ 
chlorophyll and evolve O2. The green and 
purple bacterial phototrophs do not have 
chloroplasts but doJiifVexspecialized mem- 
brane structures containing bacteriochloro- 
phyll; no O2 is formed. 



The Winogradsky column is an effective 
way to demonstrate a variety of microbial 
phototrophs. These bacteria grow under an- 
aerobic conditions in the light, and popula- 
tions having different ^gments develop in 
.different microhabitats in the column. De- 
velopment of a column 'takes about four 
weeks {Carolina Tips, September 1978. VoL 
XVI, #9). 



2.2 Required Elements and 

Comi^ounds 



ERIC 3Si 



The elements C, H, N, O, P, and S make 
up 99% of the dry cell mass and most there- 
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To determine a requirement of a particu- 
lar microorganism, the growth yield is com- 
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2.2i Carbon 



. ' a.'t:ssential information 

fore be* supplied in greatest amounts. De- 
pending uipon the synthetic capacity of the 
p^irticular 'microorganism, these' elements 
may be supplied as organic or inorganic ma,- 
terials and\in their oxidized form or reduced 
form. 

Carboit is required for the "skeleton" of 
all of th4 organic molecules. 



B. ENRICHMENT INFORMATION 



All naturally occurring carbon compounds' 
can be used as a source of carbon and energy 
by some microorganism. There are man- 
made organic compounds (plastics^^pl)T) 
which ^e decomposed slowly, if at all, by 
microorganisms. Some bacteria can use . 
more than 90 different compounds, but oth- 
. ers are limited to a few. For example', mem- 
bers /bf the. genus Pseudomonas are noted 
for tneir .versatility, ^^bereas organisms ^uch 
-^as Leptospira are very 'restricted in their , 
i'^'liarbon source utilization. 



C. PRACTICAL ACTIVITIES 
pared oi\ media with and without the com- 
Dound* ^ 



Yqu can c^monstrate organisms which 
utilize a particcilay carbon souri^e by setting . 

•up anjCnrichm^nf culture. This involves in- 
'oculating 100 ml of a mineral medium, (such 

. as th^ one in Subtopic 2.211 adjusted to pH * 
7,0) with 1 g of soO oi; several millilit^ of 
pond W£^ter and adding an appro][)riate « 
amount o^ the carbon source of your choicer - 

. (0.05 to 1.0%, depending on toxicity). Aftei;» 
1 week. or ^so transfer about 1 ml of this 
culture to a new flask made up the same 
way^ large proportion of the organisms 
growing 'in the second flask will be able to 
utilize the added carbon source. 



2.211 Autotrophs 



2.212 



Heterotroph% 



2.22 Nitrogen 



ERIC 



O O iJ 



The autotrophs can obtain all of their 
carbon requirements from CO2. 

Photoautotrophs are those which use light 
as an energy source dnd CO2 as a carbon 
source. 

Chemoautotrophs use chemical sources of 
ener^ and CO2 as the source of carbon. 

These organisms oxK}i£#. inorganic mate- 
' rials as a source of energy and can also be 
called lithoautotrophs.^ 



The heterotrophs obtain their carbon re- 
quirement from Organic molecules. 



Nitrogen is found predominately in pro- 
teins and nucleic acids. It is Available in 



r 



'Some examples of photoautotrophs are' 
plants, eucaryotic algae, blue-green bacteria 
(cyanobacteria), and certain photosynthetic , 
bacteria. Some examples of chemoauto- 
trophs are Nitrobacter, Thiobacillus, and 
the^ hydrogen-oxidizing bacteria. Nitrobac^ 
ter oxidizes nitrogen JNO2"'*— ► NO3"), and 
Thiobacillus oxidizes sulfur (H2S S04"^). 



This medium^ will support autotrophic 
growth of sulfup-oxidizing Ijacteri^ The car- 
bon comes from the CO2 in the attfiosphere, 
and the energy comes frorw added sulfur or 
thiosulfate. Add powdered sulfW to 1%. 



(NH4)2S04 

KH2PO4 
f CaCl2 ( 
l^gS04 7H2O 

FeS04 



Photoheterotrophs, e.g., some purpl6-*5ac- 
teria, use light as their energy source and 
organic carbon as their carbon source. 

Chemoheterotrophs, e.g., fungi, most bac-*. 
teria, use ojganic carbon as both carbon 
source and "energy source. 

Many microorganisms obtain organic ni- 
trogen h/ excreting ^roteolj^rtic enz3anes to 

Microbial n^siojogy- 13 (V . ^ 




■0.4 g 
4.0 g 

0.25 g 
0.5 g 

0.01 g 
1,000 ml 



In addition to an organic cdmppund, sup- 
plemental CO2 may be required by hetero- 
trophS)' e.g.. Neisseria/ k candle jar provides 
adequate amounts of CO2 for these orga- 
nisms. 



Free-living nitrogen-fixing bacteria may 
.be obtained by inoculating nitrogen-free me- 
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! 

0 



Phosphorus 



2.24 



Other Elements 



2.25 Other Compounds 



r 



A. ESSENTIAL INFORMATION 
many forms. Atmospkeric Na moy4)<ifH:e- 
« duced and assimilated by nitiiog'en-fixing or* 
ganisms such as Azotobqctet, Other orga- 
nisms can utilize NOa" or NH/. Organic 
nitrogen sources such as aminb acids may be 
required by others. 



Cell ij^Aosphorous is found predominately 
in nucleic acids, nucleotides, and phospho- 
lipids. Phosphorous is usually added to 
growth media as an inorganic salt. 



I 



Sulfur, found predominantly in proteins, 
may be obtained from organic soirees such 
as cysteine or inorganic sources' such as 

X SO4 ^ 

\ Oxygen for nutritional purposes is pro- 
vided mainly by % oxygen-containing com- 
pounds. 

Cations such as K\ Mg'^ Qsi^\ and.Fe'* 
are required by most cells and usually must 
be added to the medium. Cations such as 
Un'\ CG'\ Cu^\ Mo'^ and Zn'^ are consid- 
ered as trace elements. 



" Water makes up 75 to 90% of the weight 
of most cells and must be provided. 

Growjth factors are those precursors to cell 
constituents that ^pecific nlicroorganisms 
are unable to synthesize froin simiile mate- 
rials; they must be provided preformed. 
These are organic molecules required in 
small amounts. 



B. ENriiCHMENT INFORMATION 
decompose proteins. Tho:jj then talmhe re- 
leased amino acids into their colls. 

Only procaryotic organisms seem to be 
able to synthesize the epzyrSes necessary for 
nitrogen fbmtion. ^ ^ f 
- Brill, W, J, ,1977. Biological nitrogen fix- 
ation.-Sci. Am. 236:6at;82. 

■ \ 

Phosphate is actively transported by 
membrane-bound camera. In mo^t aquatic 
systems, phosphate is a limiting nutrient. 
Addition of phosphate, e.g., phosphate con- 
tained in cleaning compounds, to streams 
may result in increased growth of miproor- 
ganisms. 

Bulk cations are provided as salts. K"*^ is 
required for protein synthesis.^Mg^"*^ is used 
as a cofactor for enzynves and functions in 
m^ntaining the structure of ribosomesi^ Fe^* 
is required for synthesis of cytochromes and 
^other enzymes and coenzjnues. Gr0)Vth of 
some pathogens in vivo may be limited by 
the ability of hpst; iron-bindings factora to 
render this element unavailable to the bac- 
teria. Ca^"*^ contributes to heat resistance oij 
endospores. The function of the trace ele- 
ments is difficult to establish. Most are as- 
sociated with specific enzjrme activities, but 
Co^"*^ is a component of vitamin B12 and Mo^"*^ 
is required for nitrogep fixation and NOa" 
reduction. 

Water in humid air is available to free-^ 
living fimgi and bacteiia. In the tropics, for 
example, care must be taken to inhibit, 
growth on materials normally thought to be 
too dry to support growth, such as leather 
and glass. > 

Vitamins, as defined by humap require- 
ments; are also required for microbial me- 
tabolism. Many microorganisms can synthe- 
. size vitamins and thus they may not be 
required in the medium. Vitamins, amino 
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' C, PRACTICAL ACTIVITIES ' 

.(lium with a small amount of soil and incu- 

h bating this culture in the dark for 48 h. 

Azdtob^cter is commonly isolated by this 

technique. Rhizohiim, a nitrogen-fixing 

symbiont, t:an be observed by crushing the 

nodules on the roots of legumes and staining 

the cells released. 

I* • • 

• In growth media phosphorous is usUally 
Supplied at" 0.01 to 0.1 M by a buffering 
mixture of KHzPO^-KzJlPO^. 



Trace elements may usually be supplied 
in adequate amounts by tap water or as 
contaminants in various media constituents.' 
There is sufficient Mo^* in most MgzSO^ to 
supply trace needs. 



The amount of available water is ex- 
pressed as water activity (aj. You can pre- 
jserve food by decreasing available water 
either by drying or by adding water-binding 
compounds such as sugar or salt. Fungi can 
grow at lower water activities than most 
other microorganisms. 



A. l3aSKN1MAL INKOUMATION* 



Media are conyjosed of Compounds tha 
are required for growth of microorganiBina. 

No one medium will support the requiri^- 
ments of all mllj^oorgapisms. 

Isolation and growth of any organism are 
dependent on the^se of an appropriate me- 
dium. . ' ^ ; 



i 



n. ENUlCHMIiNT INFOUMATION 
ncldH, and other growth factors* mhy bo re- 
quired by aomo BpocloH. If growt h faotpVH are 
required, the 'amount' of growth that rosi^ltH 
ia dirijctly proportional to tlio aniount of 
growth factor added to the medium. This is 
*the basis for many quantitative bioassays. 
Some bacteria, yeasts, and fUamontouH 
H fungi will synthesize excess vitamins, These 
microorganisms are* used for commercial 
{jfoduction of these, substances. 

£ 'A general purpose medium^provides con- 
ditions that will support growth of a variety 
of microorganisms, e.g., Tfyptfcaggjoy agar 
(BBL Microbiological Systems). 

An enriched medium is one to which spe- 
cial nutrients have been a^edto enhance 
the growth of a specific'^Qllproorgam^ e.g., , 
blood agar. \ 

A differential medium contains compo- 
nents which permit presumptive identifica- 
tion j^tt^ertain classes of microorganisms- 
based <^ their biolc^cal differences, e.g., 
^ lactose-fermenting colonies tvun pink on 
McConkey agar. 

Selective media are media whioh prefer- 
entially permit the growth of a certain de- 
sired microorganism. Selection may be 
achieved by addition of inhibitors or by ad- 
justing nutrient content to optimize growth 
of the desired organism, e.g., mannitol-salt 
agar selectively permits growth of staphy* 
lococci. The use^ of media to enhance growth 
of specific physiological types of microorga- 
nisms is conufnonly callec(^i" enrichment cul- 
' turei*^ ' 

Defined or syMJbetic media are those in 
wl^ch aU the compQneiits 4re known in kind 
■ and amount. 

Co^^t^ m^ia are those which contain 
p]knt ^Imii^ extracts of variable compo- 
sitiot^'. / ■ , 
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Agar, used mcJfit frequently as a soUdifying 
agentj at 1.6 to 2,0% for media, is a polysac- 
charide obtained from seaweed. It is not 
metabolized by most bacteria. Aqueous 2.0% 
suspensions melt at 100°C and gel at 45°C. 

Silica gel which has no organic impurities 
may be used as a ^idifying agent when agai' 
is either toxic or metabolized. 

Extracts or enzymic digests of plant or 
animal tissue provide a rich supply of nutri- 
ents. Examples are tryptone, peptone, and 
yeast extracts. ^ — 

Most media sold commercially^ are com- 
plex; hgwever, there are defined or synthetic 
media also available. 



rOVlCH ANU HUIVrOlMCfl 
a.O fliowih 



3.1 * Moaauromont of 
Growth 



3.iy Increase in Mass 



3.12 Increase in Numbers 
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'A, ICaSF.NTIAt INFOUMATION 
'Growth Ih Uu) ordovly InorooHo In celhilav 
conBtiUiuntN, Nok^niat growth leada to cull 
ropnuUictluu, Growth of inicycooifganimny 
loada to an incveaae in the population. 



II MNUlOHMKN'r.+NKOUMATlONsr . 

In ovHaniHmH thai ruproducu hy hlnary 
fimiion, «.«., nioHt hactoria, growth yloldii In- 
(jrt)i\Hi)(l nuuiboiH, Tho orKonlmnH tliat aru 
coenooytiu huiroaHu the hIzo of the hullvlduiU 
rathiir than ita niunhera. UiHordora of niutah- 
oliHinuuul growth can lead to altuatlona in 
whlclvtlft) normal growth and reproduction 
cycle ia aborted and unbalanced growth re- 

BUltfl, 



C. PUAOTIOAI. AaTlVlTlKH 



It is possible to 'measure various aspects 
of microbial growth. 

One chooses the growth measurement 
technique needed depending on whether the 
emphasis is on total, numbers, viable orga- 
nisms, or population metabolic rate. Usually 
several techniques are used, and the results 
are compared. ^ 

Meal^urements of increase in cell mass 
emphasize growth rather than^*eproduction. 
They may not distinguish living from dead, 
cells. 



Cell numbers can be measured by direct 
counting with a microscope. Culture tech- 
niques which test the ability of each orga- 
nisni present to grow to a vi^le mass or to 
metabolize and produce a detectable prod- 
uct ore also used (viable counts). These 
methods are useful only for uniceflular or- 
ganisms. 



N«phelometry and spectrophotometry are 
the most convenient and generally used 
growth-measuring techniques for bacteria. 
The increase in turbidity of the culture is 
measured. 

Spectrophotometers measure the propor- 
tion of light which is transmitted through a 
filled cuvette placed in the light! beam. 
Nephelometers (more sensitive) measure 
the proportion of light deflected under the 
*same conditions.. 

'Direct counts may be done to assist in 
standardizing other methods for routine use. 
They are also useful for quantitating un- 
usual organisms in natural samples or hard- 
to-cultivate species. Automated electronic 
p^icle counters may be used. 

Viable counts ore much used in studies of 
water samples, urinalysis, and food quality 
determination. A diluted sample is spread 
on a solid or mixed into a melted agar me- 
dium. If this is done with medium in a petri 
plate, it is called a plate count. Each viable 
organism may grow into a visible mass of 
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A sample of washed cells may be dried in 
the ovjen, and dry weight can be determined. 

A sample of washed cells may be analyzed 
to determine the total nitrogen or total pro- 
tein. 

jCells in suspension scatter light; the 
amount of light scattered is proportional to 
the mass' of cells per milliliter of fluid. A 
spectrophotometer or tiephelometer can be 
used to measure scattered light. 



The direct observation of a d.tained smear 
of a known volume of a specimen spread 
over a known area on slide can be used to 
calculate numbers of organisrtis per milli- 
liter. The Petroff-Hauser counting^hamber 
is used for direct counts of bacteria and 
other small cellular organisms, and the 
count reflects both living and dead micro- 
organisms. 

Use the plate count to determine the num- 
ber of CFU in a sample under several nutri- 
ent and physical conditions. 
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T()IM(1H AND MUlVrOIMfM 



A, l'»U<)N'riAl INI»'()HMATl()N 



Oi'owtli 



(hull' |>liyHi(!al otiuniioal ru(|u)romoiiifi, 
Optiimun ki'<>^'^<^) ohvMvn only whon all r^)- 
(jiiiioiuoiitH arc- luoi. 



U. MNIUdllMl^lNT INKOUMA'nON 

(Millrt (a (lolony). ^Vha m\\}\m o( y^AmUm 
ador inoubaiioh of thlH iyuuIIuiu i:o|nmMi(M 
il^o uumhor ofvlal)!!) htti^h^Ha In iUo M\\Uh\ 
Maiuph). Umiamm it bi (llt'dduli U\ Imow It'onu 
Imtiitniuiu or Movm'al a(ia(;ho(l hadturia 
vim U) om oolony (ho nu(ul)or in umially 
Klvon an oolouy^fonuiiiH tuiltH (CKUI. 

Whon nilrvoovHanlMnmiiro not Krowlnn ho- 
oauHO of lua(lo(]nato (u>n(UtlonH, thoy aro not 
nooOHHarily (huul. Loom |um'Io(Ih of inotahoho 
inactivity may bo toluratod without Iohh oC 
vial)ili(y. 



0 iMtAOTidAh AorivrniiiH 



a.2i 



Nutrition 



3.211 



3.22 



Open Versus Closod 
Systems of Microbial 
Growth 



Physical and Chennical 
.Influences on Growth 



Growth pattern^ diffov depending on 
whether nutrient supply is oontinuoua (opt^n 
systeni) or discontinuouH (closed systent). 
Most natural situations are open; moat lab- 
oratory conditions an^closed. 

Microorganisms contain regulatory mecjh- 
anisms which allow* them to modultjite 
growth for survival under changing nutrient 
availability. 



(Microbial PhyHiology, Subtoi)icH 3.3 luul 
3.4) 



In natural situations such as bodies of 
water, organisms receive a continuous if fluc- 
tuating supply of nutrients. Wastes are also 
removed. Growth speeds up and slows down, 
rarely stops. In the test tube, when the nu* 
trient is consumed, growth stops. 



3.221 Gaseous Atmosphere 



ERJC 



Microbial growth is affected by the con- 
centrations of O2, CO2, and other gases in 
the surrounding medium. Most highe^^orms 
of life require O2; many microorganisms do 
not. Obligate aerobes require O2 for growth. 
Their metabolism is respiratory. Facultative 
anaerobes grow either with O2 or without it. 
Growth is usually better iii the presence of 
O2. These organisms are usually fermenta- 
tive in the absi^ce of O2. Objigate ana^obes 
do not grow in the presence of oxygen. Mi- 
croaerophiles require reduced O2 concentra- 
tion and may require increased CO2 concen- 



Obligate anaerobes may be recovered 
from conditions in nature which appear to 
be. aerobic. These organisms grow in mi- 
croenvironments that are anaerobic. Bade- 
roid^Sf an obligate anaerobe, can be isolated 
from the mouth. It inhabits anaerobic crev- 
ices around the teeth. Many anaerobes are 
killed by oxygen. Isolation from natural hab- 
itats (anaerobic mud and soil, the guts of 
animals, wounds, and absesses) requires spe- 
cial sampling techr)iques, transport condi- 
tions, and prereduced culture media. 
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Aerobes and facultative anaerobes must 
have an O2 source for best growth. In liquid 
culture best yields are obtained with small 
volunies of fluid in large vessels on shakers. 
Anaerobic gro^yth conditions can be ^ro% 
vided in sealed jars with catalytic oxygen 
removal or in anaerobic incubators. Thiogly- 
collate, chopped meat medium, and media 
covered with mineral oil may be used to 
provide anaerobic conditions. •High-C02, 
I0W-O2 atmosphere can be provided in a 
candle jar by combustion ^r in specially 
designed incubators. 



3U2 



J> ' . . . ■ 

TOPICS VdMD SUBTOPICS A. ESSENTIAL INFORMATION 

\ ' tration. Aerotolerant anaerobes are orga- 

nisms living totally by fermentation in the 
presence orair. They are not sensitive to O2. 



3.222 pH ' For most organisms the optimum pH for 

growth lies between 6.0 and 7.5. Some highly 
t ./ specialized organisms can tolerate a pH as 

^ low as 1.0 or as high as 10.4. The internal 

pH of most microorganj^tims is close to neu- 
^ I ' * trality regardless of the pH of the medium. 

M Microbial metabolism produces acidic or 

basic waste products. These may alter the 
environmental pH to a point where growth 
stops. Laboratory media are usually 
buffered to reduce this effect. 



3.223 Temperature 




A given strain of microorganism will have 
an optimum temperature for growth. 
Growth will occur between its minimum 
temperature and its maximum temperature. 
These points are g^neticaUy detenpined. 

The effect of temperature on enzyme ac- 
tivity (Microbial Physiology, Sub to pic 4.53) 
is important in determining the range over 
which an organism will grow. There are 
three groups of microorganisms with differ- 
ent ranges of growth temperatures: psychro- 
phiies, mesophiles, and thermophiles. 

One commonly used definition of psychro- 
phiies is that they have a growth range 
somewhere between —5 and 20 °C. Meso- 
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B. ENKICHMENT INFORMATION 




4^ 

Extreme pH occurs in some natural envi- 
ronment^'. Drainage from mining operations, 
high mineral areas, and certain fermentation 
conditions yield high-acidic environments. 
The inland salt or alK^li l^k^s may have a 
pH as high as 11. 

Thiobacillus is an, autotroph which pro- . 
du9es HzS04 and lowers pH of medium to 
1.0 or below before growth stops. Fermen- 
tative organisms such as those used to make 
yogurt or sauerkraut lower pH by produc- 
tion of organic acids. These acids eventually 
arrest growth. They preserve food by pre- 
venting growth of less acid-tolerant orga- 
nisms that would spoil foods. ^ 

Many important biochemical tests used in 
identification of bacteria depend on pH in- 
dicators to detect production of acidic or 
basic end products. 

Microorganisms grow over their entire 
growth temperature range. At suboptimal 
temperatures their generation time is ex- 
tended from minutes to hours. Above the 
optimum, growth slows as the microorgan- 
ism diverts 'ever-increasing amounts of cel- 
lular energy to repair heat-induced damage. 
The upper cut-off point is usuaUy quite 
sharp. Thermophilic procaryotes can with- 
stand higher temperatures than eucaryotic 
thermophiles. The hottest inhabited ther 
mal springs contain only procaryotes. Ther 
mus aquaticusy a thermophilic bacterium, is 
found growing in hot water heaters as well 
as in hot springs. # 
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C. PRACTICAL ACTIVITIES * 
The catalase and oxidase tests may be 
useful in identification of bacteria. 

E, H, Leimette^ A. Balow^W* J* Haus- 
ler, Jr„ and J, P, IVuant (ec^t 1980. Man- 
ual of clinical inicrobiolt)gy,( 3rd ed. Amen- ^ 
can Society for lylicrobiology, Washington, 
D.C. 

The complex peptones, cell extracts, and 
other protein derivatives in most complex 
media exert a strong buffering effect. Note 
pH information on media labels. A variety 
of inorganic buffers m^y be added to defined 
media. 

Detection of pH change in media is usu- 
aUy done with \pH indicators, e.g., phenol 
red is yellow below pH^6.8, and recj^bova^ 
6.8; methyl red is »ed below pH 4.5 and 
yellow above 4.5. '^feti^nic pH meters can 
be used for exact readingsHn liquid medial 

Selective media for the isolation of fungi 
usually have a pH beloW O.O, whereas most 
general -purpose bactem>logical media have 
a pH of 6.8 to 7.4. \ 




\ 

SoilW water samples may be plated and 
incubated at different temperatures to dem- 
onstrate presence of all three types of orga- 
nisms. Many psychro phiies are killed by ex- 
posure to room temperature, so precautions 
must be taken to keep samples and media 
cold, 

/ 



A. ESSENTIAL INFORMATI6N 
philes grow between 20 and 45 °C. Thermo- 
philes grow betweep 45 and 90° C. 

Osmotic pressure is determined by the 
concent^ati6n of dissolved particles in water. 
Microorganisms are ^ound in environments 
of varying osmotic pressures. Most micro- 
organisms with the exception of protozoans 
are protected from lysis in dilute environ- 
ments by a rigid cell wall. 

Exposure to high osmotic pressure causes 
loss of water from ceUs. This arrests growth. 
The halophilic organisms live in highly sa- 
line environments (15 to 30% dissolved 
salts). Xhey have a speai^iized membrane 
and salt-to)erant enzymes. 



Within a closed system t|ie amounts of 
nutrients and their energy content are fixed. 
Growth produces waste products which ac- 
cumulate and may be toxic. Space for 
growth or attachment to substrate becomes 
limiting. 



B. ENRICHMENT INFORMATION 



All types of dissolved and colloidal parti- 
cles contribute to the osmotic jM'essure of a 
solution. Cytoplasm ha&-^a relatively high 
osmotic pressure. The *cell can vary this 
withii/limits by concentrating or excreting 
K"^. When the external environment con- 
tains more dissolved material than the cy- 
toplasm, it is hypertonic, and ^^he ceU will 
tend to lose water to the environment. This 
drying effect ajrirests metabolism in most or- 
ganisms; the effect explains the preservative 
value of salting or sugaring food. Dilute en- 
virooinents pose a challenge to bacterial sur- 
vival. When the exterior environment is hy- 
potonic, water tends to enter the cell. Ex- 
pansion and death are prevented by the rigid 
ceU wall. CeU waU-deficient forms of bacteria 
survive only in isotonic environments. Ex- 
amples are the L-fbrms and mycoplasms. 



Log no 
of bacteria 




C. PRACTICAL ACTIVITIES 



Mannitol salt agar may be used for the 
selective isolation of Staphylococcus from 
human clinical samples because its high 
(7.5%) NaCl concentration inhibits almost 
all other nasopharyngeal organisms. The os- 
motic pressure of media for isolation of cell 
wall-deficient organisms, e.g., Jifycoplasm, 
must be carefuDy adjusted. 



Time 

Fin I PhasfH of mtcmhial growth in closed ruiture 



All labora;tory cultivQtWn of microorga- 
nisms except continuous culture follows this 
model! The phases of growth may be dem- 
onstrated by inoculating fresh, prewarmed 
medium with an inoculum of lo^-phase cells 
and following the increase in medium tur- 
bidity. Any other accurate measurement of 
cell components may be used. By taking 
simultaneous samples for plate count and 
direct count, a good approximation of actual 
numbers may be obtained for each reading. 



Introduction of a microorganism that di- 
vides by binary fission into a sterile closed 
system such as a flask of nutrient broth 
starts growth. For a while there is no appre- 
ciable increase in numbers. 



Each cell in the innoculum needs to carry 
out internal regulatory shifts to start growth. 
Accumulation of cytoplasmic components 
and increase in ceU size bejgin. During lag 
phase, new proteins may need to be made. 
A complete round of DNA replication will 
precede the first and every subsequent cell 
division. 



The duration of lag phase is extended if 
the inoculum is from an old culture, if the 
new medium is quite different in chemical 
composition from the old, or if it is at refrig- 
erator temperature. During lag phase, mea- 
surement of cell numbers shows no change. 
Some cell constituents may increase. 
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TOPICS AND SUBTOPICS 
^ 3.32 Log Phase (Exponential 
Growth) 



3,321 ^Explanation of Expo- 
nential Growth 



. ^. ^SENTIAL INFORMATION 
Once growth begins, increase in numbers 
is exponential for a period of time. The 
culture will commence division at the max- 
imum rate possible given the gtenetic poten- 
tial of the culture and the suitability of the 
medium. \ 



For most microorganisms one c^U divides 
into two. Thus, during each generation time 
the population doubles. Starting with one 
bacterium, you can illustrate exponential 
growth with the geometric progression; 
1, 2, 4, 8, rBr32 ... or 2", 2\ 2^, 2\ 2^ 
2' ... 2\ 



B. ENRICHMENT INFORMATION 
During log- phase 'growth, readings should 
be made frequently because turbidity ca. 
double in as little a^^^O to 30 min for som^ 
bact§ria. Growth' ctuye data xs\^y be plotted 
on linear graph paper with time as the ab- 
scissa and the log of the turbidity or the log 
of the number of organisms as the ordinate. 

It is more convenient to use semilog pape?; 
the cell number or turbidity is plotted on 
the log axis, and the tin^e is plotted on the 
line^ axis. Both of these plotting methods 
will produce a straight linfe if the culture is 
in exponential growth (Fig. 2). 

Alla)opulations grow or decrease exponen- 
tially if each change reflects addition or sub- 
traction of some constant percentage of the 
total individuals present at that time. 

If exponential growth proceeded for 48 h, 
one bacterium which divided every 20 niln 
would yield a quantity of bacterfiT^ighing 
4,000 times the weight of tl\e earth. 



C. PRACTICAL ACTIVITIES 
« 



Durirtg exponential growth there" a 
straight-line relationshtpJietween th^ log of 
cell number versus tinrte. , * 

When data are plpttecL the generatioh 
time can be estimated by detennining the 
time needed for a doviWing of numbers or 
cell mass. Specific data points may be taken 
from the straight-lin^jportion of the'^plot to 
use in a mpre precise calculatlon of genera- 
tion time, 



^.i22 



feneration Time 



3,33 



Stationary Phase 



ERIC 3J. 



The generation time observed is the av- 
erage time needed for One cell to complete, 
a round of division into two cells. In tlus 
time the population in the closed system will 
double. The total amount of each cell con- 
stituent will double. 



Generation times for some bacteria miay 
^ as short as 12 min. Thus, bacteria can 

multiply extremely j-apidly under optimum 
£^conditions. Qgp^ratioa times for other bac-' 

teria and m^iy e\icaryotic microorganisms 

may be as long as sgv^ral days. 



Environmental limitations put an end to 
exponential growth. The growth curve ap- 
proaches a horizontal line. During the sta- 
tionary phase, some cells grow and divide. 



Nutrient limitation is the'^najor restric- 
tion for most aerobic organisms, Afccumula- 
tion of toxic wastes is the most frequent 
cause of growth arrest in anaerobic culture. 
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Calculate generation time as follows: 
t\-U 

1 



G = 



n 

V>r « 

U -'to 



(3.3)logiu6i - logio6o 

G = doubling time or generation time 
ti\ — time at first measurement 
t\ = time at gecond measurement 
6o = number of cells at to ^ 
6| — number of ceils at ti ^ 
n ^ number of generations 

The stationary phase may persist for a 
long period. Readings should be less fre- 
quent. 



)- 
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DaU 



Time 
0 
20 
40 
60 



No. of organisms 

1 X lOVml 

2 X lOVmi 
4 X lOVml 
8 X lOVml 



Log 10 no, 
of bacteria/ml 



c 



8.0 
7.9 - 
^7.8 - 
7.7 
7.6 
7.5- 
7.4 - 
7,3- 
7.2 
7.1 



7.0 ■ 
Time 



log's X 10' 
« 7.903 



o log 4 X 10' 

« 7.602 



o log 2 X 10' = 7.301 
PLOT A 



-L 



J I 



10 20 30 40 50 60 
(minutes) 

Fig. 2. Plot8 of exponential growth. 
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Z^^OPICS AND SUBTOPICS 



' /A. ES^INT lAL INFORMATldN ^; 
^ Some^are active, others diq, and the popu% 
' latiQi) number is unchahged^ ' *^ 



3.34 



3.341 



Death Phase 



MechaAidiii 



3.4 Open System Growth 



3.41 - Conditions , 



3.42 ContifiUous Culture 
Devices 





V A decline in number of viable ceils 
tutes death phase. <• . . 

. ■ ' * \ • ■ • 

Acute nutrient limitation or high f oncen- 
i ( trations of toxic waste productsroay trigger 
activity of autolytic • ^fizymes causing cell 
.lysis. ' " 



Open system grow^ occurs when con- 
stant environmental conditions are main- 
tained. Nutrients are continuously provided, 
and wastes are removed. The number of 
cells per unit volume is kept constant. 

. Laboratory devices for producing open 
system growth provide a source of cells in 
' the log phase of gro^yth. T^ey allow studj^ 
^of a culture under optimum physiological 
conditions. 'i 



JDeath phase resultsyn a reduction in. via- 
ble c^U nmnbers. It may or may not have a 
corresponding decline in total cell numbers. 

When celte lose viability without lysing, 
this loss can usually be attributed to inabil- 
ity to continue supplying the energy to re- 
pair\key genetic structures. When autolysis 
occinrs^ it is iisuaUy related to low cellular 
adenosiife triphosphate (ATP) levels, sig- 
naling activation of mtraceflular lysozynle. 
Clearing of the culture may be quite rapid if 
autolytic mechanisms are set in motion. 
There may be no viable survivors. 



C. PRACTICAL ACTIVITIES > 



The decline is usually exponential. Small 
numbers 'of viable cells may persist indefi- 
nitely at the end of the death phase. 



These are two types of cc/htinuous culture 
devices, chemostats and turbidostats. They 
are used for study of all activities of log- 
phase cells. 



-The growth rate of the bacteria in the 
vessel adjusts to the rate at which the nutri- 
ents are provided. After a period of adjust- 
ment, the rate of increase of the cells 
through growth .will just equal the rate of 
cell loss. The cells in a continuous culture 
apparatus are in Ipg phase. The doubling 
time is determined by the growth conditions. 
If all else is constant, growth rate depends 
directly on the concentration of a limiting 
-nutritional factor. 

Continuous culture.sy^tem8 provide a con- 
venient constefifsource of log-phase cell6 for* 
study. Th^ are used fer research on mech- 
anisms regulation, concentration of nutri- 
ents, selection of growth rate mutants, and 
interactions among species in mixed cultures 
undeo- conditions which stimulate natural 
environments. 



Growth occurs in a growtji chamber pro- 
vided with a resefvoir of sterile medium that 
is added at rfi steady rate. Culture fluid leaves 
chamber at the sarhe time. Aeration and 
mixing are -also provided. 
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In a chemostat, the flow rate is set at a 
certain value. The rate of growth of the 
culture adjusts to the rate at which nutrients 
are added. In a turbidostat, an electronic 
device monitors turbidity, i.e., cell mass, of 
the fluid and electronically signals the ad- 
dition of fresh medium to maintain the de- 
sired population density. 
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TOPICS AND SUBTOPICS 

4.0 Enzymes 

4.1 fiefinitions 

4.11 Catalyst 



4.12 Enzymes 



4.13 Substrate 

4.2 Structure 
4.21 Holoenzyme 



/ 



A. ESSENTIAL INFORMA 



hON 



A catalyst is a substance whicnlaffetts the 
rate of a chemical reaction witnbut being 
permanently altered itself. 



/ 



An enzyme is a highly specific catalyst 



produced by ^ living cell. Enzymes have a 
protein component. They may or may not 
have other components such as metal ions, 
vitamin, or carbohydrate molecules. 



A substrate is a substance which is altered 
in an enzyme-catalyzed reaction. 

Some enzymes consist only of protein. 

enzyme is the functional form of 
Some holoenzymes consist 



B. ENRICHMENT INFORMATION 



Catalysts are, used in a number o? reac-^ 
tions of everyday practical interest and in- 
dustrial importance. For example, platinum 
catalytically enhances the oxidation of un- 
bumed hydrocarbons in automotive exhaust 
(catalytic converters). Also, the industrial 
extraction of apple juice from apple pulp is 
' aided by treatment with pectin-hydrolyzing 
enzymes (pectinases). 

. The specificity of enzymes extends even 
to the ability to "recognize" specific isomeric 
forms of a potential substrate. For example, 
a particular lactate dehydrogenase may dis- 
criminate between D-lactic acid and L-lactic 
acid. The only structiu-al difference is the 
relative position of "H" and "OH" groups on 
the second carbon of this three-carbon com- 
pound. 



A holoenzyme is the functional form of an 
enzyme. Some holoenzymes consist of 
apoenzymes, coenzyme, or an inorganic fac- 
tor 



C. PRACTICAL ACTIVITIES 



Starch + Water Glucose 
The above reaction will proceed at a visry 
low rate in warm water. Upon addition of a 
small quantity of amylase, accelerated glu- 
cose pro(iuction (and starch hydrolysis) is 
noted. After a time, the en^^yme can be iso- 
lated from the system with its original activ- • 
ity essentially undiminished. 



The fact' that enzymes are protein can be 
demonstrated by their reaction with protein- 
detecting reagents such as Millon reagent or 
the Folin phenol reagent. EJnzyme solutions 
will also exhibit maximum ultraviolet ab- 
sorbarice at 280 nm, which is characteristic 
of protein solutions. 



4.22 Apoenzymes 



4.23 Coenzymes 




^3 



The apoenzyme '\a0he specific protein por- 
tion. 

Coenzymes are vitamin derivatives which 
serve as carriers in enzyme reactions. 



Coenzymes will often aqt as dolors or 
acceptors of electron pairs or functional 
groups. In the oxidation of malic acid to 
oxaloacetic acid in the tricarboxylic acid cy- 
cle, nicotinamide adenine dinucleotide 
(NAD) which is derived from the vitamin 
niacin, acts as an electron and proton accep- 
tor. Pyridoxamine phosphate (derived from 
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.A. ESSENTIAL INFORMATION 



An inorganic cofactorjs a metal ion, such 
as Mg^"*^ or Fe^"*", which is required by a 
specific enzyme for catalytic activity. 



An active site is a small area on the en- 
zyme's surface which binds in a highly spe- 
cific manner to the substrate. It is also called 
the catalytic site. • 



B. ENRICHMENT INFORMATION . 
the vitamin pyridoxal phosphate) acts as an 
amino group donor in transamination reac- 
tions. Other commonly encountered coen- 
zymes include: flavine adenine dinucleotide 
(FAD, derived from riboflavin); nicotin- 
amide adenine dinucleotide phosphate 
(NADP,, derived from niacin); coenzyme A 
(CoA, derived from p'antothenic acid); and. 
thiamine pyrophosphate (TPP, derived 
' from thiamine). Many microorganisms can 
synthesize all of these cofactor^. 

V 

Ii^ some ^enzymes the* metal ion may serve 
, as an important part of the catalytic, site. In 
, oth^ reactions the metal ion is involyed in 
substrate binding- or in maintaining the ac- 
tivte conformational formlsf the enzyme. * 

Thfe active site can be pictured as a struc- 
ture which matches up with a specific com- 
plementary conformation in the substrate in 
a riock and key" sort of arrangement (Fig. 
3). 



C. PRACTICAL ACTIVITIES 



Ac.tive Site 




Potential Substrates 



Knzyme 




B 

Will not bind 



Fig Complementary structure of active site and substrate 



An allosteric site is a region on the enzyme 
surface, apart from the active site, where a 
regulatory substance may bind and affect 
the affinity of the enzyme for the substrate. 



The allosteric site can be pictured as 
shown in Fig. 4. Note that the active site will 
*'flt" the substrate but not the allosteric 
effector. The effector, if bound, results in a 
modification of the three-dimensional struc- 
ture of the apoenzyme. This, in turn, modi- 
fies the structure of the active site. 



Allosteric Site 



Active Site 




Alternate Enzyme Conformations 



6 



Substrate 



Effector A 



L 



J L 



Effector B 



// effector A is present, enzyme will be in a 
favorable conformation for interaction with the 
substrate. If effector B is present, substrate bind- 
ing will be reduced because this effector stabilizes 
confqrmation B which cannot bind substrate. 
Fig. 4. Allosteric site and binding of positive and 
negative effectors. 
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TOPICS AND SUBTOPICS 
4.3 Mechanisms 

4.31 Activation^Energy 



4.32 Enzyme Substrate 
Complex - 



4.33 "Equilibrium 



4.4 Nomenclature 



A. ESSENTIAL INFORMATION 



The minimum energy required by a chem- 
ical system in order to react is referred to as 
the activation energy. Enzymes work by low- 
ering the required activation energy, thus 
facilitating the reaction (Fig. 5). 

A substrate (S) binds temporarily to the 
active site of an enzyme (E) to form an 
enzyme-substrate complex (ES). The ES 
dissociates to yield product (P) and enzyme 
(E), which is free to catalyze another reac- 
tion. 



E + P 



Under optimal conditions the concentra-/^ 
tions of enzyme, substrate, and product in a 
system reach equilibrium. This involves the 
simultaneous conversion of some molecules 
of substrate into product and product into 
substrate. r- 



Enzymes are usuaUy named according to 
the type of reaction catalyzed; they often 
have the common suffix -ase. 



B. ENRICHMENT INFORMATION 



C. PRACTICAL ACTIVITIES 



Once equilibriuinis established, constant 
concentrations of substrate and enzyme are 
present in the system unless the equilibrium 
is disrupted in some manner. In fact, some 
substrate is continuously being converted to 
product and some product is converted to 
substrate. Thus, although the concentra- 
tions remain constant, the individual mole- 
cules are in a continuous state of interaction. 

In biological systems, utilization or re- 
moval of products can keep reactions fror 
coming to e^ilibrium. 



Enzymes^ have common names estab- 
lished by long usage as well as official names 
and numbei]p designated by the Enzyme 
Commission. For iexample, invertase, the en- 
zyme that hydrolyses sucrose to fructose and 
glucose is officially called )9-D-fructofurano- 
side fructohydrolase (EC 3.2.L26). 



ns from. 



Equilibrium can be demonstrated with a 
hypothetical system consisting of radioac- 
tively labeled substrate and unlabeled prod- 
uct. 

A* 4=£ B 

Initially, all the label is in the substrate. 
Eventually however, the following will be 
observed: 

A* 4=£ B* 

In this second instance, the label is distrib- 
uted between the substrate "A" and the 
product "B". Yet,. the actual concentrations 
of A and B could be the same as in the initial 
example. 
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Activation Energy 



t 

Energy 



Non-Enzyme Catalyzed 



Substrates 

ooo ^ 




Sub^rate molecules are visualized as balls 
near ffie top of a hill. If they could roll down the 
hillt they would have tremendous kinetic energy. 
However, they are trapped in an "energy depres- 
sion,'* To escape this requires a "push" of activa- 
tion energy. 



Product 



Progress of Reaction 
Fig. 5. Enzymes and activai 



n Reaction 

-7 — 

ivation energy of reactions. 



Microbial Physiology— 39 



TOPICS AND SUBTQHCS 
4.41 Oxidoreductases 



4.42 Transferases 



4.43 Hydrolases 



4.44 Lyases 



4.45 Isomerases 



4.46 Ligases 



4i: 




A. ESSENTIAL INFORMATION 
Enzymes of this type catalyze the inter- 
molecular transfer of electrons. 



Enzymes of this type catalyze the inter- 
molecular transfer of functional groups. 



Enzymes of this type catalyze hydrolytic 
reactions. 



Some enzymes of this type catalyze the 
addition of groups of atoms across a double 
bond. Other enzymes of this group catalyze 
cleavage of C — C, C— O, or C — N bonds by 
elimination reactions leaving double bonds. 



Enzymes of this type catalyze th& inter- 
conversion of isomers. 



B. ENRICHMENT INFORMATION 
Generally electrons are transferred with . 
protons. NAD^ and FAD are common pro- 
ton acceptors in oxidoreductase reactions 
and, in their reduced form (NADH, 
FADHa), are proton donors. 

An example of an oxidoreductase reaction 
is the interconveraion of lactate and pyru- 
vate by lactate de^iydrogenase. 

The conversion of a-ketoglutarate to glu- 
tamic acid is catalyzed by a transaminase 
which moves an amino group from aspartate 
to a-ketoglutarate. 

A hydrolytic reaction is the breaking of a 
covalent bond by the addition of one mole- 
cule of water. Preliminary digestion of food 
molecules is accomplished by exoenzymes of 
this type. 

An example of the first type of lyase re- 
action is the addition of water across the 
double bond of fumarate to form malate. 
This is catalyzed by fumarase one of the 
tricarboxyclic acid cycle enzymes. Aldolase 
is an example of lyase able to cleave C — C 
bonds. 



Enzymes of this type catalyze energy-re- 
quiring reactions involved in bios3mthesis. 



Assembly of macromolecules from mono- 
mers typifies ligase action. Nonphotos3m- 
thetic CO2 fixation catalyzed by pyruvate 
carboxylase is another example. 

CO2 + Pyruvate + Energy — > Oxaloacetate 
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C. PRACTICAL ACTIVITIES 




This is demonstrable with two cultures, 
one of which is genetically able to produce 
galactose isomerase, whereas the other is 
not. In a medium containing galactose as the 
sole carbohydrate, the organism which pro- 
duces the enzyme wiU exhibit evidence of 
galactose utilization (such as gas production 
in a fermentation tube), whereas the other 
organism will not. Such reactions are of sig- 
nificance in the identification of unknown 
microorganisms. 
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TOPICS AND SUBTOPICS 

4.5 Methods of Measurer 
* ment 



4.6 



4.61 



Fcictors Affecting Rate 
of Enzyme Reactions 



Enzyme Concentratibn 



4.62 



Substrate Con<5entration 



4.63 




Temperature 

413 



A. ESSENTIAL INFORMATION 

Rates of reactions may be measured in 
terms of disappearance of substrate or ap- 
pearance of product with time. 



The most important factors affecting the 
rate of enzyme reactions are: enzyme con- 
centration» substrate concentration, temper- 
ature, and pH. 

Within limits, a linear relationship exists 
between enzyme concentration and rate of 
reaction (Fig. 6). Even'tyally, however, all 
available substrate molecules are bound to 

^enzymes; thus, an additional increase in en- 
zyme concentration will not cause an addi- 

^tional increase in the reaction rate. 

1 As with enzyme concentration, a linear 
relationship exists between substrate con- 
centration and the rate of reaction (Fig. 7). 
Similarly, a point is reached where all active 
sites are bound to substrate molecules. Fur- 
ther additions, of substrate beyond this point 
do no^t further mcrease the rate of reaction. 

Each enzyme has a specific optimmn tem- 
perature. Starting below the optimvun, rais- 
ing the temperature increases the reaction 
rate until the optimum is reached. Further- 



B. ENRICHMENT INFORMATION 
Enzyme activity is commonly expressed 
either as a "turnover number," the number 
of molecules of substrate converted to prod- 
uct per unit time, or as speciflc activity, 
which is the number of molecules of sub- 
strate converted to product per unit time 
per milligram of protein. 



Reaction 
Rate 



t 



"T — I — I — I — I — r 

^^nzyme Concn 



Fig. 
rate. 



6. Enzyme concentration and reaction 



Reaction 
Rate 



t 



Substrate Concn 



Fig. 7. Substrate concentration and reaction 
rate. 

Generally, for each 10**C rise (up to the 
optimum temperature), a doubling of en- 
zyme activity is observed. At temperatures 
above the optimum, irreversible modifica- 
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C. PRACTICAL ACTIVITIES 
A variety of techniques are possible: 
Spectrophotometry: Frequently, it la pos- 
sible tb observe enzyme activity in terms of 
the production, with time, of materials with 
characteristic absorption spectra. For ex- 
ample, polygalacturonic acid lyase, an en- 
zyme involved in the degradation of pectin, 
produces a product which absorbs maxi- 
mally at 235 nm. 

Photometry: Firefly extract (luciferin-lu- 
ciferase) emits light in the presence of ATP. 
The rate of ^TP utilization in a ligase reac- 
tion can be quantitated by measuring the 
light emitted by an ienzyme-substrate system 
at various intervals. Product generation or 
substrate utilization can also be detected l>y 
a variety of chromatographic and radioiso- 
tope techniques. 
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TOl'ICa AND aUllTOPICfl 




I. 



Enzyme Inhibition » 
Con^po^ive Inhibition 




' / -A, KSgKNTlAL INFOUMATION 
mqro, huutlng Avili lead to thpimul Inuctlva- 
tlon of th^ onzymoB. 

f ' ■ 

j|«!aVh onzymo has a spoclfic optimum pH. 
^ Devjptlona (above or below) (rpm this in the 
ay^^ result in reduced rates of reaction 
(Fig.t). 

V (Mio^^l Gtinotics Subtopic 6.1). 

Inhibitors which are structurally similar 
to the ^"i^llatrate compete with the substrate 
moleciiles for enzyme-active sites. As the 
ratio of inhibitor to substrate is increased, a 
concomitant decrease in product formation 
occurs. Competitive inhibition can be re- 
versed by increasing the ratio of substrate to 
inhibitor. 




Noncompetitive Inhibi- 
tion 



ERIC 
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Reaction 
Hate 



t 



Flo. 8. pH and reaction rate. 



Noncompetitive inhibitors bind at a site 
•on the enzyme ofhef than the active site. 



D.'KNIUOUMKNT INFORMATION 
tiouB of tlio throo-dimenHionnl atructuru of 
the enzymes (donnturntion) will occiiri leadv 
Ing to a docroafio In onzymo activity. 

Tho optimal pH for most microbial en* 
zymes is between 6 and 8. 



C. PRACTICAL ACTIVITIKS 



Consider the following structures: 
?OOH SO^NHi 




NH.. 



(PABA) 
para-aminobenzoic 
acid 




NH2 



Sulfanilamide 



Some, microorganisms utilize para-ami" 
nobenzoic acid (PABA) as a substrate in the 
synthesis of folic acid, a material required 
for metabolism. The enzyme which normally 
binds PABA at its active site Wfll also bind 
sulfanilamide. Therefore, if the. ratio of sul- 
fanilamide to PABA is high, the probability 
of the enzyme reacting with sulfanilamide 
rather than with its normal substrate is also 
high. The result is a decrease of folic acid 
synthesis and suppression of metabolism. 
Such inhibition is based upon the similarity 
in structure of normal substrate and inhibi- 
tor. Sulfanilamide does not effect the supply 
of folic acid to mammalian cells because 
they cannot convert PABA to folic acid and 
thus require folic acid preformed. 



An example of noncompetitive inhibition 
is the action of heavy metals (Hg^*; Ag*, and 
f 
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'r0l»lCH AND HUUTOIMCH 



4.721 Fumlback Inhibition 



A. KH^^lilNTIAI/IN^OUMATlON 
ainco utstlvo Hito irt not (Ur<i(itly nffiictiid, 
incroHHUH In iho ratio of milwtnito to Inhibitor 
cannot ruvinna ttu) inltihition. 



Fu(3(lbaul( lnhlblti9n 1h a npucial caHu of 
noirliionipotitivu inhibition. When the und 
p^h)(\vict of a motabollc pathway in proHont in 
oxcuHfl, it nmy inldbit the action of one of the 
early enzymoR in the pathway. Thia inhibi- 
tion involves the alloaterlc site (Microbial 
GoncticH, Subtoplc 6.2). 



n, KNUiauMKN'r infoiimation 

otherti) on (ho Hulfliydryl gnaipa of iin/ynuiH. 
I^Urt inuy» in part, uxi)lain the InhiblHon of 
growth of floine mlcroorganinnm by hoavy 
inotalH, 

An excoHH of "F" InteractH With the allo- 
Hterlc Hlte of the enzyme catalyziuK the con- 
vorHloin of A to B. Since production (if U 1m 
blockcMlj^ will not bo produced. 



a. iMtACTKMh AaTivrrn<>i 



lifibibitur 



Fio. 0. Feedback inhibition. 



4.8 Enzyme Synthesis 

5.0 Metabolism 



5.1 Energy 



5, 1 1 Forms of Energy 



o 117 
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(Microbial Genotics, Subtoplc 6.1) 

Metabolism is the sum of all the chemical In general, microbial metabolism is quite 
reactions in the cell. similar to the chemical reactions that occur 

in higher animals and plants. 
J- However, upon examination of individual 

microorganisms there is a niarked diversity 
of metabolic pathways and end products. 
This diversity is useful in identifying bacte- 
ria and fungi. Many metabolic pathways 
known to be similar in all organisms were 
first worked out by investigators with micro- 
organisms- Escherichia coli and Saccharo- 
myces have been particularly useful in met- 
abolic research. 

Microbial movement, growth, and repro- 
duction occur only if there is an energy 
source. 

The ultimate source of most biological 
4 energy is the sun. A possible exception to 

this is the deep-sea volcanic oases system 
where the driving energy. is the oxidation of 
H2S by bacteria. 

Ballard, R. D., and J. F. Grassle. 1979. 
Return to oases of the deep. Natl. Geogr. 
156:689-705. 

Energy can exist as light or other kinds of The form of energy required directly for ♦ 
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Energy is the ability to do work. 
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7^ WVWiH AND NUHTOIMOH 



my 



5.121 Fli'Ht Law of 'riionnody- 

lUIIIliOH 

.5, 122 Hocond Law of 'IliomiO' 
(lytiainlcH 



5.13 Chomicnl Bond Energy 



6.14 Endergonic and Exer- 
gonic Reactions 



6.15 Coupled Reactions 



A. liSHMNTIALlNWIlMATlON 
nidiallou MiiiMgy, chondnd mms^ wwi^uwv 
Un\\ miit^y, or UmU 

Vi\m^y mw \w ixi\m(imw{\ IVoiu oup Umw 
lo imoilutv. 



TUi) total orioi'gy and matter in the unl* 
verHo are conHtant. 

During energy tranHforniationa, a Iohh in 
usable energy occurs as heat is prochiced, or 
the system becomes less organized, or both. 
When syHtomH become less organized they 
can do less work.'Thifl tendency towarcfdia- 
order is called an increase tn entrophy. 

The energy of a molecule can roughly bo 
reprosenlod as the sum of the forces holding 
the atoms together. 

Making certain bonds between aton;^ re- 
quires energy input (endergonic reacnon), 
but this energy can later be released by 
breaking the bond (exergonic reaction). 



Biological transformations of chemical en- 
ergy can occur because exergonic (energy- 
yielding) reactions are linked to endergonic 
(energy-requiring) rea<;tion8 by common in- 
termediates. . 



iniovobli^tinoviJm(iu( , urowiUi nnd reproduc- 

Not only iu*« Umm of iineryy Inioi i^oi)- 
vordblo, but dlfforeut fornm of xmiU^v are 
oonvort IhlM to onorgy. Oxidation o( organic 
ni()U)(;uloti Im often nald to ylold onorgy, Thin 
doea not mean that thoHo rmiotlona make 
iinorgy, hut simply result in euiu'gy tHmsfor- 
uuition, 



All biological processes are inherently in- 
.fifficient and thus heat producing. 



a PUAt^TKMl, At^TIVrniilH 



A typical endergonic reaction may be rep- 
resented by the following. 

A + B + energy AB 

A typical exergonic reaction may be rep- 
resented as follows. 

V BC B + C + energy 

A coupled reaction is the sum of the fol- 
lowing. 

endergonic: A + B + energy AB 
exergonic: BC -» B + C ^-f energy 

SUM A + BC AB + C 
Coupled reactions may also be written as 
follows. 

A ^ endergonic ^ AB 



Heat prod\iced during the chemical reac- 
tions of microbial inetjibollsin can be n\ea< 
sured. 

A demonstration of this is the Increase In 
Internal temperature In compost heaps. 

If you burn a carbon-containing substance 
(totally oxidi'iCe it to CO2), the heat produced 
is a measui e of the poteiUially useful chem- 
ical energy of that substance. 
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EC 
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TOPICS AND SUBTOPICS 



A. ESSENTIAL INFORMATION 



5.16 



Nucleoside Diphos- 
phates and Triphos- 
phates ADP, GDP, . 
UDP, CDP, ATP, GTP. 
UTP, OTP 



5,2 



Catabolism 



5,21 



Fermentation and Res- 
piration 




i21 



These compoxmds are the most used in- 
termediates between exergonic and ender- 
gonic reactions. The conversion of adenosine 
diphosphate (ADP) to adenosine triphos- 
phate (ATP) for example, provides an effi- 
cient short-term energy storage and transfer 
mechanism in biological systems. The addi- 
tion of a third phosphate to a nucleoside 
diphosphate is an endergonic reaction and 
thus can only occur when this reaction is 
linked to an exergonic reaction that releases 
sufficient energy. Enzyme-catalyzed re- 
moval of the third phosphate is exergonic; 
thus, it can be used to drive cellular energy- 
requiring reactions, 

Catabolism is the sum of the cellular re- 
actions resulting in conversion of the energy 
from various organic molecules to energy 
usable for cellular work, ATP is the most 
common "useful*' cellular energy form. 



B. ENRICHMENT INFORMATION 
The reactions will proceed in the direction 
of the arrows as long as the energy releasefl 
by the exergonic reaction exceeds that re- 
quired by the endergonic reaction. 

Although removal of the terminal phos- 
phate group from ADP releases about as 
much energy as the hydrolysis of ATP to 
ADP (7.3 kcal mol"\ 30.5 kJ mol"'), ADP is 
not commonly used as an energy interme- 
diate. 

In some specific reactions, hydrolysis of 
GTP, UTP, or CTP provides the energy. 

A conventional symbolism for the 
"high-energy" bond is - so that ATP = 
AMP ^ P ^ P 



C. PRACl ICAL ACTIVITIES 



According to Mitchell's hypothesis (Mi- 
crobial Physiology, Subtopics 6.1) the gra- 
dient of protons across a cell membrane or 
organelle membrane can be used directly to 
do cell work. Catabolism can result in pro- 
duction of proton gradients across mem- 
branes. 



Fermentation and respiration are the two 
basic catabolic schemes. 

In fermentative pathways, the organic 
molecules being utilized as a source of en- 
ergy are incompletely oxidized. No external 
inorganic electron acceptor is necessary (no 
O2 is required). ATP is produced only by 
substrate-level phosphorylation (Microbial 
Physiology, Subtopiic 5.25). The number of 
ATP molecules produced per molecule of 
substrate catabolized is small. 
, In respiratory catabolism (sometimes 
called oxidative catabolism), the organic 
molecules being utilized are usually oxidized 
completely to CO2. The electron transport 

Microbial 



It is often important in characterizing bac- 
teria to determine the type of catabolism 
they carry out. Strict aerobes carry out res- 
piratory catabolism only. Facultative anaer- 
obes can utilize either fermentation or res- 
piration. Aerotolerant anaerobes use fer- 
mentative pathways but are not harmed by 
O2. Strict anaerobes use fermentative path- 
ways and are harmed by O2. A few are able 
to respire by using alternate electron accep- 
tors (Microbial Physiology. Subtopic 
5.2432). 

Two industrial processes using yeast can 
be used to demonstrate differences between 
fermentation and respiration. When yeast is 
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Some microorganisms obtain all their en- 
ergy by fermentative pathways, some only 
use respiratory pathways, and some can use 
either, depending on the presence or absence 
of oxygen. 

Simple laboratory tests can be used to 
determine whether a particular organism is 
obtaining energy from fermentation or res- 
piration. One such test depends on the abil- 
ity or inability of an isolate to utilize a par- 
ticular organic energy source in a sealed 
tube. Information on oxidation-fermentation 
(OF) test media can be found below, 

Lennette, E. H., A. Balows, W. J. 
Hausler, Jr., and J. P. Truant (ed.) 1980. 



TOPICS AND SUBTOPICS 



A. ESSENTIAL INFORMATION 

system (Microbial Physiology^ Subtopie 
5.24) serves to transfer electrons to an inor- 
ganic electron acceptor. Most of the ATP is 
produced by oxidative phosphorylation cou- 
pled to the electron transport system. The 
yield ^of ATP per molecule of growth sub- 
strate metabolized is much greater than the 
yield of ATP in fermentation. 



B. ENRICHMENT INFORMATION 

used for alcohol production the vats are kept 
strictly anerobic. The Jihanol is a product 
of fermentation. When yfeast is produced for 
sale as bakers* yeast itjS^rown under highly 
aerobic conditions b^|^use the best yield of 
cells for the substmte added can only be 
obtained if the yeast is living by respiration. 



0. PRACTICAL ACTIVITIES 

Manual of Clinical Microbiology, 3rd ed. 
American Society for Microbiology, Wash- 
ington, D.C. 



5.221 Oxidation-Reduction 
Reactions 



Oxidation is removal of electrons and of- 
ten protons (H*^) from a molecule. The elec- 
trons removed must be donated to another 
molecule, and this recipient is said to be 
reduced. Thus, an oxidation reaction must 
always be accompanied by a reduction re- 
action. Qxidation-reduction reactions result 
in a transfer of energy. Much of the energy 
involved in the transfer may be lost to the 
system as heat, or if the reaction proceeds 
in a stepwise fashion, some of the energy 
may be conserved by coupled reactions. 



In biological systems, oxygen is one of the 
most avid available acceptors of" electrons 
(most electronegative). Thus, an oxidation 
in which oxygen ends up with the trans> 
ferred electrons releases the most energy. 



An oxidation-reduction reaction can 
represented as follows. 

AH 



be 



B 



BH 



• = electron 

H = proton 

A = electron donor 

B = electron acceptor. 



5.23 Nicotinamide Adenine 
Dinucleotides as Elec- 
tron Carriers 



5.24 Electron Transport 



5.241 Components 
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Nicotinamide adenine dinucleotide 
(NAD*^) and nicotinamide adeQine dinucleo- 
tide phosphate (NADP^) are the most com- 
mon immediate electron acceptors of or- 
ganic molecules. Reduced fomis of these 
molecules (NADH and NADPH) act as elec- 
tron donors in other reactions. 



For directions for performing a lactic de- 
hydrogenase enzyme assay which will dem- 
onstrate use of NAD as an electron acceptor 
consult: 

Bergmeyer, H. U. 1974. Methods of en- 
zymatic analysis, vol. 1. Academic Press, 
Inc., New York. 



The use of NAD^ and NADP* as electron 
acceptors in catabolic processes is very im- 
portant to the conservation of energy re- 
leased by oxidation. NADH and NADPH do 
not donate electrons to oxygen directly and 
are relatively stable in the absence of en- 
zymes specific for transfer of the electrons 
to a given substrate. This enables the orga- 
nism to maintain control of its oxidation- 
reduction reactions. 

NAD*^ is made from niacin and is a good 
example of the place of vitamins in metab- 
olism. 

Electron transport is a cellular mechanism 
for conserving the energy released during 
oxidation of organic molecules. Catabolic 
processes involving participation of the elec- 
tron transport chain are called respiration. 

The electron transport system consists of Components of the electron tmsport sys- Procaryotic microorganisms have the 
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A. ESSENTIAL INFORMATION 

a series of molecules (flavoproteins/ qui- 
nones» cytochromes) that are embedded in 
a cellular membrane. This series of mole- 
cules is referred to as the respiratory chain. 
These molecules have the ability to be both 
good electron acceptors and good electron 
donors. They are ordered in a sequence de- 
termined by their avidity in accepting elec- 
trons. 

The prime cellular donor of electrons to 
the electron transport system ia NADH. 
When NADH provides an electron pair, the 
electron transport molecules are alternately 
reduced and reoxidized in a particular order 
as the electrons pass from one to the next. 
As these stepwise oxidation-reduction reac- 
tions occur, energy is released, and this en- 
ergy can be conserved by oxidative phospho- 
rylation (Microbial Physiology, Sub topic 
5.25). 

For the continuation of electron flow 
through this pathway, there must be some 
exogenous compound that will accept elec- 
trons from, and thus reoxidize, the last cy- 
tochrome in the chain. 



Most microorganisms utilizing electron 
transport require oxygen to accept electrons 
from the final reduced cytochrome, 

A few types of bacteria can use oxidized 
inorganic ions as electron acceptors in the 
absence of oxygen. NOii' (nitrate) and S04^~ 
(sulfate) are the most common alternate 
electron acceptors. 



B. ENRICHMENT INFORMATION 
tem are muah more variable among procar- 
yotic organisms. The position of the flavin 
component (KAD) ia in question and cyto- 
chrome c ia not present in all bacteria. Those 
with certain cytochrome components give a 
positive oxidase test and this ia'an important 
diagnostic characteristic for certain bacterial 
groups. ✓ 

Branched pathways of electron transport 
are not uncommon in bacteria. Flavin en- 
zymes can donate electrons diruclly to O2, 
but H2O2 is formed instead of water. The 
peroxide is decomposed by catalase. The 
presence or absence of this enzyme is impor- 
tant in characterizing bacteria. 



If there is no terminal acceptor or if the 
transport ia blocked at the last step, all of 
the electron transport components will be- 
come reduced and NADH cannot be reoxi- 
dized. If there are not alternate methods of 
reoxidizing NADH, metabolism will not con- 
tinue. 

Obligate areobes are microorganisms that 
cannot grow amtTi^roduce in the absence 
of molecular oxygen. They require oxygen 
as a terminal electron acceptor. 

Bacteria that use NOs' as a terminal elec- 
tron acceptor (denitrifiers) will use oxygen 
preferentiaUy. The conversion of soil nitrate 
(N03~) to gaseous nitrogen products by den- 
itrifying bacteria is one way that soils lose 
nitrogen. The use of SO^^' as a terminal 
eleT^tron acceptor is restricted to a special- 
ized group of anaerobic organisms. H2S is 
produced. Water-logged sediments with an 



C. PRACTICAL ACTIVITIES 
molecules of the electron transport system 
associated with the plasma membrane. Eu- 
caryotic microorganisms have these compo- 
nents in the inner mitochondrial membrane. 
If the components are extracted from the 
membrane, they wiU no longer function to 
transport electrons in a coordinated way. 



A typical electron transport chain is illus- 
trated in Fig. 10. 




Nitrate reduction can be observed in the 
laboratory by culturing dentrifying bacteria 
under anaerobic conditions with NOs^ added 
to the medium. NOi" may be produced, e.g., 
E. colL Dentriflers reduce NOn to N2 or 
other gaseous products, e.g., Pseudomonas 
aeruginosa. 

Winogradsky columns (Microbial Physi- 
ology, Subtopic 2.12) usually develop a good 
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NADH. H+ 



NAD 



X 



(Oxidized) 
PAD 



Rediiced 
FAD9, ' 




Reduced 
Quinonie 



Oxidized 
Quinone 



X 



Oxidized 
Cytochrome b 



Reduced 
Cytochrome c 



Reduced ..^ ^^ 
Cytochrome b 



Oxidized 
Cytochrome c 



X 



Oxidized 
Cytochrome a 



Reduced 
Cytochrome a 



Fio. iOr Typical electron transport system. 



f 
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TOPICS AND SUBTOPICS 



A. ESSENTIAL INFORMATION 



B. ENRICHMENT INFORMATION 
abundance of organic material and 
(tideflata, for example) are noted for their 
HaS'producing Deautfovibrio populations. 



C. PRACTICAL ACTIVITIES ^ 
population of sulfate ^reducing bacteria. It is 
possible to smell the H2S produced in thcjhe 
cylinders or test for it with filter paper 
soaked in 6% lead acetate. 



6.25 



Substrate LeVel and Ox* 
idative Phosphorylation 



6,26 



6.261 



Degraoative or Cata- 
bolic Pathways 



Glycolysis (Embden- 
Meyerhof Pathway) 




The principal method of conserving en* 
ergy released during cellular oxidations Ls 
coupling the eQergy*yielding reaction to a 
reaction adding phosphate to a nucleoside 
diphosphate (Microbial Physiology, Sub* 
topic 5.16). 

In substrate-level phosphorylation, the 
phosphate 13 transferred directly from a 
high-energy ^hosphorylated intermediate of 
metabolisni't^ the nucleoside diphosphate. 

In oxidati|e phosphorylation, the energy 
released by fthe/ oxidative steps of the elec- 
tron transppirt chain is conserved by some 
intermediary' process and then is used to 
phosphorylaie ADP to ATP. The energy 
released bypm|ving one pair of electrons 
from NADH through electron transport 
chain to oxy^eri is sufficient to phosphoryl- 
ate three AI^P molecules to three ATP mol- 
ecules. 

Cells break down organic molecules by 
series of enzyme-catalyzed reactions. A par- 
ticular series of reactions is called a meta- 
bolic pathway. 

Glycolysis is a pathway for degradation of 
glucose that is found in most microorga- 
nisms. -There are nine reactions needed to 
convert glucose to two pyruvate molecules. 



Glucose 

^ NAD* 

h + 
|2 ADP 

'2 Pi 

i 



2 Pyruvate 
+ 

2 NADH 
+ 

2 ATP 



Although no one mechanism for oxidative 
phosphorylation has been proven, the chem- 
iosmotic hypothesis of Mitchell seems best 
supported by available evidence. This pre- 
sumes that energy released causes a How of 
protons across the membrane and the pro- 
ton gradient drives the phosphorylation. 
Each 2H^ equivalents transported results in 
phosphorylation of 1 ADP -* 1 ATP. It has 
been difficult to demonstrate that 3 ATP are 
produced for each NADH oxidized in bac- 
terial electron transport systems. Bacterial 
electron transport systems may be less effi- 
cient than mitochondrial electron transport 
systems (Microbial Physiology. Topic 6.0). 



There is one oxidative step in which 

Microbial Physiology 



Glycolysis is essentially the same in mi- 
croorganisms, plants, and animals. It is a 
cytoplasmic cellular process, and the en- 
zymes are not membrane-bound. The inter- 
mediate substrates are all phosphorylated. 
^n^he. pathway can be divided into three 
(ifilles. The preparative phase converts glu- 
cose' to two three-carbon phosphorylated 
molecules. This requires two molecules of 
ATP. The oxidative phas9 converts the 
three-carbon molecules to the highly reac- 
tive 1,3-diphosphoglyceric acid (3-phos- 
phoglyceroyl phosphate). This requires two 
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TOPICS AND SUBTOPICS 



5.262 Other Pathways 



5.263 



5.2631 



5.2632 



5.26321 




A. ESSENTIAL INFORMATION 
NAD^ accepts a pair of electrons from a 
three*carbon intermediate. 

The ATP molecules are produced by sub- 
strate-level phosphorylation. The pyru- 
and NADH generated have a different 
fate in fermentative organisms than in res- 
piratory organisms. 

There are other routes by whicl^ugars 
can be catabolized. For example, glucose can 
be catabolized to pyruvate by the pentose 
phosphate pathway and the Entner-Dou- 
doroff pathway. Catabolic use of these path- 
ways is restricted to certain bacterial groups. 



Fates of Pyruvate and 
NADH 

Fate in Absence of Res- 
piratory Pathways-Fer- 
mentation 



Fate of Pyruvate and 
NADH in Organisms 
Utilizing Respiratory 
Pathways 



Oxidative Decarboxyla- 
tion of Pyruvate 



B. ENRICHMENT INFORMATION 
molecules of NAD"*' and generates 2 NADH. 
The energy-transfer phase results in sub- 
strate^evel phosphorylation of 4 ADP to 4 
ATP. Two reactions occur whereby energy 
and phosphate are transferred directly from 
the 3-carbon phosphorylated high-energy 
intermediates to ADP (Fig. 11). 

A unique characteristic of procaryotic 
cells is the diversity of catabolic pathways 
that may be found in different species. This 
may be a reflection of the intensive investi- 
gation of tliis aspect of bacterial metabolism. 



C. PRACTICAL ACTIVITIES 



3a£tei 



Fermenting microorganisms are unable to 
carry out the reactions of electron transport 
either because they lack a terminal acceptor 
or because they lack the necessary enzymes 
or cofactors. They can grow and reproduce 
on the ATP produced by glycolysis q# other 
anaerobic pathways, but, because N^D"*^ is 
in very limited supply, they must be' able to 
reoxidize the NADH prpduced to permit the 
anaerobic energy-yielding pathway to con 
tinue. Fermentative microorganisms utilize 
pyruvate or other products directly or indi- 
rectly as recipients for electrons from . 
NADH. Thus, much^f the pyruvate carbon 
can be found in the reduced organic mole- 
cules (fermentation products) excreted by 
fermenting organisms. 

In microorganisms with a functional elec- 
tron transport system, NADH can be readily 
reoxidized by this system. Pyruvate can be 
completely oxidized to CO2 by the tricarbox- 
ylic acid cycle. 

Pyruvate is converted to acetyl CoA 
which then enters tricarboxylic acid cycle. 



Because the energy yield per molecule of 
substrate utilized is low, a fermenting micro- 
organism must catabolize more molecules of 
substrate than a respiring microorganism for 
the same yield of growth and reproduction. 

In fermentations there is no exogenous 
electron acceptor, so the average Oxidation 
level of the fermentation products must 
equ^ that of the substrates utilized. This 
retirement, and the fact that no oxygen is 
avaOable to carry out oxidative bond cleav- 
age, limits i\^e range of substrates that can 
be fermented, tir general, compounds more 
oxidized than pyruvate or more reduced 
than the aliphatic anuno acids do not serve 
as substrate for fermentations. 



The pathway by which glucose is catabo* 
lized may be an important taxonomic char- 
acteristic of some rMcroorganisms. Most 
members of the genus Pseudomonas char- 
acteristically use the Entner-Duodoroff 
pathway. 



It is possible to identify certain taxonomic 
groups of bacteria by their fermentation 
products. The identification of anaerobic 
pathogenic bacteria by gas chromatographic 
analysis of their volatile fermentation prod- 
ucts may become an important clinical tech- 
nique. 

The Voges-Proskauer test for the pres- 
ence of acetoin is frequently used in identi- 
fication of enteric bacteria. 

Two fermentative pathways are illus- 
trated in Fig. 12. For additional exaipp^es 
consult microbiology and biochemistry texj 
books. 



V 



This reaction is carried ouVby a multien- 
zyme complex containing three different en- 



Microbial Physiology— 61 





Figure 13. 
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COH 

Preparative Phase: } Q 




2ATP 



2ADP POC " o COP 



OH 




Dihydroxyacetone phosphate 
COH 



3 Reactions 



I Reaction 



Glucose OH 



Oxidative Phase: 



O 
// 

C—0<t? 



C— OH 



C— OP 

3-Phosphoglyceroyl Phosphate 



Energy Transfer Phase: 



2ATP 



0=0 
I 

COP 



OH OH 
Fructose- 1 »6-diphosphate 




Glyceraldehyde-3-phosphate 



2NADH.H 




2H2O CH, 

II 

2 Reactions ^ ^ 



2ADP 



2ATP c-H, 
2 ' 



C=0 



C=0 



1 Reaction 



I 



O 



C— OP 
3 Phosphoglyceric acid 



Ph osphoenolpyru vate 



C=0 
^O 

Pyruvate 



Fig. 11. Glycolysis, 
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The reduced organic molecules produced by fermenting microorganiamH are of great commercial and diagnostic imfiprtance. Ethanol in produced 
mainly as a product of yeast fermentation. 



2NAD 



Release of 
Energy 



Substrate: Glucose (6 Carbons) 
2ADP m-v. ^ 

2ATP .^.^ ^ ► 2NADH,H* 



2 Ethano!: Fermentation Product: (2x2 Carbons) 
Reoxidation of NADH,H* 



J 



2 Pyruvate 



2C0i (2 carbons) 



2 Acetaldehyde 



Lactic acid, a product of the fermentation of milk sugar (lactose) by lactobacilli and streptococci, is important in production of cheese and yogurt. 



Substrate. 



Lactose (2 x 6 - 12 Carbons) 



4 Lactic Acid 



Fermentation Product 



Release of 
Energy 



4 ADP 
4 ATP 




(4 X 3 « 12 Carbons) 



Reoxidation of NADH,H* 



4 Pyruvate 



In the clinical laboratory, bacterial isolates may be identified on the basis of fermentation substrates and products. 

Fig 12. Examples of fermentative pathways. 



ERIC 
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CHr , - CH. 

I I 

C==0 + NAD + Coenzyme — ♦ CO/ 0=0 + NADH.H* 

I A 1 

C=o iCoA) S-<;oA 

^ V Acetyl CoA 

Pyruvate 

Fig. 13, Oxidative decarboxylation of pyruvate. 
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TOPICS AND SUBTOPICS 



A. ESSENTIAL INFORMATION 
Coenzyme A (CoA) is essential to thU reac* 
tion and serves to carry an activated acetyl 
group into the cycle. 



B. ENRICHMENT INFORMATION 
zymes and five cofactora, ATP concentration 
regulates activity of the enzyme complex. 



C. PRACTICAL ACTIVITIES 



5.26322 Tricarboxylic Acid Cy- 
cle (Krebs* Cycle) (Citric 
Acid Cycle) 



The further oxidation of acetyl CoA is 
dependent on enzymes of the tricarboxylic 
acid cycle. These enzymes are associated 
with the cytoplasmic membrane of procar- 
yotic ^.cells and are in the mitochondria of 
eucaryotic cells. 



The tricarboxylic acid cycle has more than 
just a catabolic function. Many of the inter- 
mediates i\re starting material for synthesis 
of important cell components. Anaerobes 
that do not use the cycle for respiratory 
metabolism may still have many of the cycle 
enzymes. These have biosynthetic function. 
When tricarboxylic acid intermediates are 
removed fpr biosynthesis, the cycle can be 
kept in operation by synthesizing new oxal- 
oacetate. The reactions responsible for ayn- 
thesizing oxfidoacetate from pyruvate, phos- 
phoenol pyruvate or acetyl CoA are called 
anaplerotic or replenishing reactions. Be- 
cause of the central position of many of the 
tricarboxylic acid intermediates in metabo- 
lism, an expanded version of the tricarbox^ 
ylic acid cycle is presented in Fig. 15, 



Figures 14 and 15. 



5.264 Pathways for Degrada- Microorganisms can use a wide range of Some synthetic molecules are very resist- 



tion of Other Substrates 



1 



carbon^compounds as sources of carbon and 
energy. Series of degradation reactions, of- 
ten catalyzed by;^ inducible enzymes (Micro- 
bial Genetics, Stibtopic 6.1), result in prod- 
ucts that can enter the glycolytic or tricar- 
boxylic acid cycle pathways. 



ant to microbial degradation. DDT is one of 
these recalcitrant molecules. 



Pesticide 
chemical 



Chlprdane:> 
DDT 
Dieldrin 
Heptachlor 



Approximate 
half-life (yr) 



2- 4 

3- 10 
1-7 
7-12 



Microorganisms vary greatly in their abil- 
ity to degrade carbon compounds. These 
need not be water soluble, e.g., crude oil. 
Microorganisms able to degrade large mol- 
ecules often excrete the degradative en- 
zymes into the medium containing the sub- 
strate. These excreted enzymes are called 
exoenzymes and can be detected by growing 
the microorganisms on solid medium con- 
taining the substrate and observing sub- 
strate disappearance around the areas of 
microbial growth. 



5.2641 Carbohydrates 




Enzymes cat^yze removal of monosac- 
charide or disaccharide units from polysac- 
charides. Disaccharides are broken into two 
monosaccharides. Glucose and fructose en- 
ter the glycolytic pathway directly. Most 
other monosaccharides can be converted to 
either glucose or fructose. 



Certain polysaccharides such as starch 
and glycogen are readily degraded by exoen- 
zymes secreted by many microorganisms. 
The breakdown of cellulose is limited to a 
few groups of bacteria, some fungi* and a few 
protozoan types. 
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A solid nutrient agar medium containing 
starch can be inoculated with an amylase- 
producing microorganism; after incubation 
and growth of the organism, flood the plate 
with a 3% iodine solution and note the 
starch- free area around the microbial 
growth. An example of an amylase-produc- 
ing bacterium is Bacillus suhtilifi. 



(2 Corbona) 
Acetyl-CoA CoA 



(4 Carbons) Oxaloacetic Acid 



OTP 



GDP 




Citric Acid (6 Carbons) 



3 NAD 
^ I FAD 



3 NADH.H 
I FADHa 

A summary of the cycle, (i) Acetyl- CoA reacts with a 4-carbon dicarboxylic acid (oxaloacetic acid) to produce a 6-carbon tricarboxylic acid (citric 
acid), CaA is released, (ii) Citric acid undergoes a series of reactions which convert it back to oxaloacetate, thus completing one cycle. In each cycle 
four oxidative reactions occur (three NADH»H* and one FADH2 produced), 2CO2 are released, oxaloacetate is regenerated, and one substrate-level 
phosphq^lation occurs (OTP). (Hi) The 3 NADHM* and IFADH2 donate electrons to the electron transport chain and ATP is produced by oxidative 
phosphc^lathn /see 5.24), 

Fig. 14. Tricarboxylic Acid cycle summary. 
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PfCa AND'SUBTOVICS 
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A. ESSKNTIAL INFOUMATION 
Lipicis are cleaved into their component 
partBv Fatty acids and other hydrocarbons 
are degraded by oxidative reactions to acetyl 
CoA which enters the tricarbo^xylic acid cy- 
cle. Glycerol can enter the glycolytic path- 
way* 



B. KNHICHMENT INFOUMATION 
Many of the normal mammalian skin bac- 
teria, e.g., dipthoroida, are good nt degrading 
fatty acids. The odor produced by various 
mammals, including humans, is in part gen- 
erated by the action of skin bacteria on akin 
fatty acids. 



C. PRACTICAL ACTIVITU3S 
The breakdown of fatty acids and hydro- 
cni'bonH viHually requires molecular oxygon. 
This explains the environmental persistence 
of these compounds under anaerobic condi- 
tions. Several media can be used to detect 
bacterial ability to degrade lipids, e.g., media 
containing egg yolk or Tween 80 (sorbitan 
mono-oleate polyoxy ethylene). A precipi- 
tate around the colony indicates lipolytic 
ability. 

Various members of the genus Clostrid- 
ium may be identified by their phospholi- 
pase activity. 



I •5,2643 Proteins 



r jf . 



Proteases degrade proteins into amino 
acid, units. Amino acids are converted to 
pyruvate, acetyl groups, or tricarboxylic acid 
cycle intermediates. 



Some of the proteolytic exoenzymes 
formed by the members of the genus Bacil- 
lus have found commercial use as additives 
to washing products. They degrade protein- 
containing stains like blood and gravy. 



Many microorganisms are able to degrade 
proteins. A common laboratory test for abil- 
ity to hydrolyze protein involves inoculating 
an organism onto solid gelatin medium and 
noting liquefaction after growth. 



5.3 Inorganic Compounds as 

Energy Sources 



A small number of procaryotic species can 
oxidize reduced inorganic compounds and 
use the energy released by these oxidations 
to form ATP. The electrons from the oxi- 
dative reactions enter the electron transport 
system (Microbial Physiology, Subtopic 
5.24), and ATP is produced by oxidative 
phosphorylation (Microbial Physiology, 
Subtopic 5.25). These organisms, called lith- 
otrophs, usuaUy obtain their carbon from 
CO2 and thus are autotrophs as well. 



Usually lithotrophs are quite specifrc for 
a given inorganic niaterial. For example, sul- 
fur oxidizers do not oxidize reduced nitrogen 
compounds. For most lithotrophs, this mode 
of existence is an obligate one. They do not 
oxidize organic molecules, and, in fact, some 
will not grow in the presence of moderate 
concentrations of organic materials. The hy- 
drogen bacteria, however, can also obtain 
energy by oxidizing organic molecules. 

J 



Media made with a particular reduced 
inorganic compound as an energy source and 
CO2 as a carbon source will develop a pop- 
ulation of lithotrophs when inoculated with 
soil or water and incubated in the dark.^ 
Some of the reduced inorganic molecules 
that can serve as energy sources are: H2 
(hydrogen oxidizers); N02~ (nitrite oxidiz- 
ers); HzS, S, S2O3" (sulfur oxidizers); NH3 
(ammonia oxidizers); Fe^^ (iron oxidizers). 



5.4 



Light OS an Energy 
Source 




4U 



Organisms able to use light as an energy 
source are called phototrophs. Phototrophs 
convert light energy to chemical bond en- 
ergy by some light-absorbing pigment — usu- 
ally a form of chlorophyll. Chlorophyll is 
oxidized by light of certain wavelengths. The 
electrons removed from chlorophyll are then 
high-energy electrons. They enter an elec- 
tron transport system and ATP is produced 
(Microbial Physiology, Subtopic 5.24). 



There are procaryotic phototrophs, e.g., 
photosynthetic bacteria and cyanobacteria 
(blue-green algae) and eucaryotic microbial 
phototrophs (algae). Nearly all the organic 
chemical energy on the earth is derived from 
light energy trapped by phototrophs. Micro-* 
bial phototrophs (predominantly marine) 
are responsible for about 50% of the global 
conversion of light energy to chemical bond 
energy. 
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TOIMCS ANI) HUB'rOI>I(|H 
5.«tl Anoxygunlc i'hotoHyn- 
tUuHiH 



5.42 Oxygenic Phot.o- 
syntheHOH 



5.5 Anabolism 



A, HHHIJNTIAL INKOIiMATlON 
PhotoHynihuiiic hacturin (other than cy- 
anohacturla);Ca.i'ry out j)hotoHynthuHlH only 
in thu abHunp |or oxygon. Their photoHyn- 
thufllH (locH not j produce O4. In thuHU orga- 
niHmH, tiloctr'ond ruluaHud from chlorophyll 
provide bnurgy forBynthuHifl of ATP (Micros 
bial Phyaiojogy, Subtopic 0.1232). Klcctrona 
reducing, NApP^ to thu NADPH needed to 
fix CO'j iVe ijeriyed from other Hourcen. 

' In cyanobacteria (bluo-green algae) and 
eucaryotic algae (aa well as all higher 
plantH), elcctrona from chlorophyll provide 
energy for syntheses of ATP and serve as a 
reductant (oi NADP^. Electrons from water 
reduce chloroph^/U, and the oxygen from the 
water is released^- as O2. 



I, 

Anabolism iii ihe sum of the cellular chem- 
ical reactions that produce the organic mol- 
ecules necessary for maintenance, growth, 
and reproduction of the organism. 



n, KNIilCHMIOT INKOItMATION 
Some bacterial photouyntheHl/erH (purple 

green sultur bacteria) require reduced 
Hulfur compounds aa a source of electrons to 
reduce NADP'. This limits theiv diatribu- 
tion to illuminated anaerobic areas which 
have a source of reduced sulfur compounds, 
Electron flow in a photosynthetic bacterial 
ayijtem is often dencribed as cyclic and can 
be diagrammed aa in Fig. 10. 

Cyanobacteria (blue-green algae) do. not 
have chloroplasts. Although the reactions of 
their oxygenic light reaction are (fuite similar 
to those occurring in eucaryotic photosyn- 
thesizers, all of the components of the pho- 
tosystem reside in membranous sheets or 
sacs in the cytoplasm. Some investigators 
think that chloroplasts may have evolved 
from cyanobacterial symbionts residing in a 
larger host cell. The oxygen-producing non- 
cyclic photophosphorylation and photored- 
uction system can be diagrammed as in Fig. 
17. 



a PHACTICAL ACTIVITIKH 



5,51 CO.. Fixation in Auto- 
trophs 



The conversion of CO2 into the carbon 
compounds of cell material requires energy 
and reducing power. 



The primary reaction in autotrophic CO2 
fixation is the binding of CO2 to the five- 
carbon sugar ribulose 1,5-diphosphate. This 
results in production of two phosphoglyceric 
acid molecules (each three carbons). These 
can be used aa starting material to synthe- 
size the carbon compounds needed by the 
autotroph. 



CO2 fixation (the Calvin cycle) was first 
investigated in green algae. The path of in- 
corporated '"^C-labeled CO2 was observed in 
photosynthesizing organisms. It was later 
discovered that this pathway is used by al- 
most all autotrophs. 



5.52 




Relationship Between 
Anabolism and Catabo- 
lism 



Catabolic metabolism provides sources of 
energy (ATP), reducing power (NADH and 
NADPH), and carbon skeletons for bio- 
syntheses. Withdrawal of intermediates 
from catabolic pathways diminishes the net 
ATP yield. Control mechanisms function so 
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Kio. Ifi. Cyclic electron flow in phototrophic bacteria. 
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Fio. 17,. Nonvycliv electron flow in cyanobacteria and euvaryotic photosyntheitizers. 
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5.533 



Lipids 



A, MHl4MN'riAL INKOHMATION 

wn.v«) luii luaxliul/od wU*M\ tli« ATP Mupply 
bi UIkU miuI radUmllo pnxu^Mmm pnMlotuiimtu 
whon A'rP mipply in low, 

Mici'(Hn'Kiuil»iiUM can Mynthohl/o luoHt (it* 
(hu mnall inoUuiuhm (luonoiuorH) iuumIixI lor 
^lowth. T\u) HiiulluK oiuimu (M)iupoun(lH for 
tlumu pntlivvnyH coiuo (Voiu intonnodlatuH In 
(!atal)ol|() pathwaya, MonoiiuaM not Myntho- 
ul/iul inuHt 1)0 provldod In (ho niodltnu (Ml- 
uvobial IMiyHlytoKy, Hul)loplo 

Oxnloaiiotato, it tvldarlioxyllc aold cycio 
intonnodlato, can bu naml an HtarilnK nmto- 
rial tor Iidxohu HynthoHlH. Hincu oxaloacotato 
can bo HyntboHl/od from pyruviito and COj 
and from othor trioarboxylic add cycle in- 
turn)0(liatoH, and in curtjvin orgaidmuH from 
acotyl CoA, any compovmd tbiit ciui bo con- 
vortod to tboHt) will alHO Horvo aH a procm'Hor 
of boxoHOH (Kig. IH). 

DeoxyriboHO and riboHO are nubdud for 
HyntboHiH of nucleotides. RiboHe is synibe- 
sized by tbe pentose phosphate pathway. 
This pathway, often called the hexose mono- 
id phosphate shunt, involves an oxidative de- 
carboxylation of hexose phosphate to a pen- 
tose phosphate. The NADPM produced dur- 
ing the oxidative steps of this pathway is 
important in providing electrons for reduc- 
tive steps in biosynthetic pathways. Ribose 
can only be converted to deoxyrjbose when 
it is incorporated in a nucleotide. 

i 

There is considerable diversity in the lip- 
ids synthesized by microorganisms. Fatty 
' acids, phospholipids, carotenoid pigments, 
quinones, poly-/ff-hydroxybutyrate, and 
ijhiorophyll can be synthesized by various 
procaryotos. Eucaryotic microorganisms 
synthesize a different range of fatty acids 



U, MNIIIOIIMMNT INH)UMAT(()N 



0, 1'liAOTioAi. Ainivm^H 




4 ■:"! 



MlcnMM'KanlHmH able to Myntlnmizo box- 
OHOH from a«H)tyl CoA utlllzo a spocjial path- 
way, the glyoxylato bypans, in conjunrtlon 
with tho tricarboxylic acid (!y(!le. Acetyl CoA 
can bo condensed with glyoxylate to form 
malato. This permits accunudiUlon of tricar- 
boxylic acid cycle intermediates for biosyn 
thesis. 



The pentose phosphide piUhway Inis two 
stages. The oxidiitive portion converts glu- 
cose 6-phosphato to ribose 5-phospbate. The 
rearrangement portion converts six pentose 
phosphates to five hexose phosphates. De- 
pending on the biosynthetic needs of the 
organisms one or both portions may fvmc- 
tion. 



For fatty acid syQthesis the general path- 
way involves successive addition and reduc- 
tion of two carbon units (derived from acetyl 
CoA) to a growing fatty acid chain held on 
a carrier protein. Double bonds are either 
left in during synthesis or added when the 
chain is finished. 
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The types of fatty acids synthesized by a 
particular microbial group are often char- 
acteristic of that grgup and ma^e identified 
by gas or thin-layer chromatography. 

It may be possible to determine the rela- 
tive amounts of eucaryotic and procaryotic 
microbial biomass in environmental samples 
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Often sunar Conversions are carried out while the sufiar is in an activated form Example I 'DP'^lUcoffe ^ I DP galactose, 
is IS not ftiund in all organisms " 
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Synthesis of Polymers 
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A. ESSENTIAL INFORMATION 
than prpcaryotic microorganisms. Eucary- 
otes usually synthesize considerable 
amountsjbf^terol as well. 

Glycerol phosphate needed for phospho- 
lipid synthesis is synthesized from dihydrox- 
yacetone phosphate, an intermediate of the 
glycolytic pathway. 

Fatty acids are synthesized from acetyl 
CoA. 

Glycerol phosphate, fatty acids, and ad- 
ditional components are combined to pro- 
duce phospholipids. 

Other types of lipids are synthesized from 
CO 2 and two cgirbon units derived from ace- 
tyl CoA. 

The addition of an amino group to pyru 
vate, oxaloacetate, or a-keto-glutarate is the 
starting point for the biosynthesis of most 
amino acids. 



B. ENRICHMENT INFORMATION 
Bacteria, with the exception of cyanobac- 
t'eria, do not synthesize fatty acids with more 
than one d'ouble bond. * 



Small chemical groups containing carbon 
and nitrogen derived primarily from amino 
acids are assembled into the purine and py- 
rimidine rings. The purine ring is assembled 
starting with an activated form of ribose 
phosphate. In the case of pyrimidine ribon- 
ucleotide, the pyrimidine ring is synthesized 
and then attached to the activated ribose 
phosphate (Fig. 19) 

Polymers are synthesized by condensation 
of monomers. Energy is required for this 
condensation. Monomers are activated by a 



Some microorganisms can synthesize all 
20 amino acids required for protein synthesis 
and some cannot. The amino acids synthe- 
sized by short pathways are the most uni- 
versally synthesized. An example would be 
glutamate. The pathways for synthesis of 
some other amino acids are long and expen- 
sive in terms of ATP and reducing power 
(NADH). These amino acids are required as 
growth factors by the organisms unable to 
synthesize them. Some of these longer path- 
ways are branched, giving rise to several 
amino acids. An example might be the iso- 
leucine-valine pathway 
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C. PliACTICAL ACTIVITIES 
by analyzing the characteristics of extracted 
lipids. 



4:. 




Flo. 19 OrtKin of carhonM and nitms^ens in purines and pynmuhnes The purine ring is synthesized from seven units derived from six 
different sources It takes seven ATP rmdecules to build a purine ring The pynmidine ring is synthesized from two units One of these 
unit!* is carhamyl phosphate, an activated compound 
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Informational Polymers; 
DNA. KNA, and Protein 



Membrane Phenom- 
ena 

Membranes and Knergy 



A. KSSKNTIAL INFORMATION . 
reaction with a high-energy compound (usu- 
ally a nucleoside triphosphate like ATP). 

Monosaccharides are added one at a time 
to a growing polysaccharide. Each monomer 
is furst activated by reacting with a nucleo- 
side triphosphate. The monosaccharide can 
be transferred from this active unit to the 
end of an existing polysaccharide chain with- 
out further expenditure of energy (Fig. 20). 

These template-dependent polymers are 
synthesized from their respective mono- 
meric unit« by mechanisms described in Mi- 
crobial Genetics. Subtopics 2.13, 2.23, and 



B. KNIUCHMENT INFOHMATION 



C, PHACTICAL ACTIVITIES 



Membrane Semiperme- 
abilitv 



(fradient.H 



Movement 
(iient 
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Bacteria have been extraordinarily useful 
as experimental systems in investigations of 
the synthesis of DNA. UNA. and pnjtein 



\ 



Membranes are energy transducers. That 
IS, within the membrane structure, exergonic 
reactions occur and are coupled to ender 
gonic activities. The membrane itself is es- 
sential for coupling. 

Membranes are semipermeable. They 
permit the free passage of water in either 
direction, but restrict the movement of ions 
and small organic molecules. These may en- 
ter and leave only at certain points. Trans- 
port of such substances is under tight cellu- 
lar control 

Often the concentration of a substance 
may be much greater on one side than on 
the other. When this occurs, a gradient is 
said to exist. 

When molecules of a substance move from 
an area where they are more concentrated 
to one where they are less concentrated, 
they move down the gradientT^te can oc- 
cur spontaneously without the e?menditure 
of energy. In fact, such movement is exer- 
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6,113 Gradients as Energy 
Sources 



A. ESSENTIAL. INFORMATION 

' ^ ' f ■' ■ 

gonic— it releases energy. The membrane 
prevents this from happening in a random 
fashion. 

When molecules move from a less to a 
more concentrated area, jtKey are moving 
against the gradient. This requires the ex- 
penditure of energy, which is endergonic. 

Since movement of substances down gra- 
dients releases energy, a gradient, like stored 
water water behind a dam, is a source of 
energy the cell can tap. 



B. ENRICHMENT INFORMATIOI^ 



C. PRACTICA 




6.114 



Proton Gradients 



(5.1 15 Proton Reentry 



(). 1 2 Means of Producing 
Proton Gradients 



Several cell processes generate proton gra- 
dients where the concentration of protons 
(H^) exterior to the cell is greater than that 
within. Since the exterior protons, if allowed 
to reenter the cell, act as an energy source, 
the gradient and resulting membrane poten- 
tial is referred to as proton motive force 
(PMF). 

The membrane is not permeable to pro- 
tons except at certain points (proton chan- 
nels). Reentry at those points is coupled to 
ATP synthesis. Membrane-bound Mg^^ -de- 
pendent adenosine triphosphatase (ATP- 
ase) is responsible for synthesis of ATP as 
protons move across the membrane. 

Proton reentry can also be coupled to 
transport of small molecules. 

Proton gradients are produced in several 
different ways in various organisms under 
specific conditions. Three discussed below 
are electron transport, ATP hydrolysis, and 
light-driven transport. 



Part of the ATPase complex Ls a proton 
channel. Artificial membranes containing 
this section are proton permeable. 



Production of proton gradients requires 
closed membrane systems. Broken cells or 
organelles no longer maintain proton gra- 
dients or synthesize ATP. 

Hinkle, D. C, and R. E. McCarty. 1978. 
How cells make ATP. Sci. Am. 238:104-123. 



6. 1 2 1 Electron Transport 




(See Microbial Physiology, Subtopic 5.25 
for information on electron transport.) The 
chemiosmotic hypothesis explains the 
means by which electron transport (exer- 
gonic) is coupled to ATP synthesis (ender- 



Figure 21 represents a possible interpre- 
tation of an E. coli proton translocation 
system. ATP synthesis occurs during reen- 
try of the protons. 
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TOPICS AND SUBTOPICS A. ESSENTIAL INFORMATION B. ^:NRICHMENT INFORMATION 

gonic) within the framework of a membrane. 
It states that when certain electron carriers 
are reoxidized, protons are extruded through 
the membrane. Thus electron transport re- 
suits in a proton gradient being' established 
across the membrane. The reducing power 
of the electrons is converted to PMF. This 
is the primary effect of electron transport. 



6. 12 II Oxidative Phosphoryla- 
tion 



The protons are allowed to reenter 
through a channel where the PMF may be 
harnessed to ATP synthesis. This is the 
secondary effect of electron transport. Mem- 
brane-bound ATPase is essential to ATP 
synthesis. ^ 



6.122 ATP Hydrolysis 



6.123 



6,1231 



Light-Driven Proton 
Transport 



Ualobactenum (purple 
membrane) 




4L. 



The hydrolysis of ATP to ^P and inor- 
ganic phosphate (Pi) releases energy to 
pump protons out of the cell. Membrane- 
bound ATPases have two functions. They 
may break down-'ATP to establish proton 
gradients and they may synthesize ATP as 
protons reenter (Microbial Physiology, Sub- 
topic 6.121). 

Cytoplasmic reactions (substrate-level 
phosphorylation) may provide the ATP nec- 
essary to produce proton gradients. This 
permits bacteria lacking electron transport 
systems to generate the PMF needed for 
active transport and motility. 

Two systems of light- driven proton trims- 
port exist. One is the system found in halb- 
bacteria; the other is the light-dependent 
electron transport found in photosynthetic 
procaryotes and eucaryotes. 

The halobacteria synthesize a purple 
membrane protein when they are grown in 
light without adequate oxygen. 

When light is absorbed by the pigment, 
the pigment is bleached and protons are 
extruded from the cell. 

A proton gradient is established and per- 



Stoeckenius, W. 1976. The purple mem 
brane of salt-loving bacteria. Sci. Am. 234 

38-57. 
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Biologicai Activities 
Membranes 
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A. ESSENTIAL INFORMATION 
sists as long as the cellfi are illuminated. This 
proton gradient allows the cells to synthesize 
ATP. 

The ATP generated by the light reaction 
of photosynthesis is thought to be a result 
of the production of proton gradients across 
chlorophyll-containing membranes. Light 
striking chlorophyll results in vectorial elec- 
tron transport reactions which in turn cause 
proton movement across the membrane. 
This generation of PMF and subsequent 
movement of protons back across the mem- 
brane through proton channels controlled 
by an ATPase leads to synthesis of ATP. 

Two important functions of membranes 
are transport of small molecules and provi- 
sion of energy for flagellar rotabon in pro- 
caryotes. 



Transport of Small Mol- 
ecules 



Proton- Driven 
port 



Trans- 



Symport: Transport 
with the Down-Gradient 
Movement of Protons 



B. ENRICHMkNT INFORMATION 



Mille^^K. R. 1979. The photosynthetic 
membrane. Sci. Am. 241:102-113. 



c. practical; activities 



Except for water, ammonia, ,gases, and 
some lipid-soluble molecules, metabolites 
move across membranes by specific energy- 
requiring transport systems. There are three 
basic types of transport in bacteria: trans- 
port driven by proton circulation, transport 
driven by ATP» and group translocation. 

These systems involve specific membrane 
proteins that act as carriers. The proton 
gradient (PMF) provides the energy and the 
direction of transport. 

Certain molecules or ions are cotrans- 
ported with one or more protons. The spe- 
cific carrier binds both proton (s) and its 
transportee molecule and by some confor- 
mational change moves them to the other 
side of the membrane. The coupling of the 
down-gradient (exergonic) movement of 
protons provides the energy for the up-gra- 
dient (endergonic) movement of the trans- 
ported molecule. 



E. coli may produce over 100 distinct 
transport systems. These are all genetically 
coded and many are inducible (synthesized 
only in the presence of the substance to he 
transported). 



The lactose transport protein M of E. coli 
is an example of a symport carrier. One or 
perhaps two protons move to the inside of 
the cell with each lactose molecule. 



4i;i 
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B,2ll2 Antiport: Transport 
A{^inst the Down-Gra 



dient Movement of Pro- 
tons 



6.212 * ATP-DriPen Systems 



6.2Y3 



6.22 



6.223 



Group Translocation 



»^ti 



Provision of Energy for 
Flagellar flotation 



6.22 1 Structure of Flagella 



6.222 *Functioh of Flagella 



ChemotaxLs 



A. ESSENTIAL INFORMATION 
When' protons mov.e from a higher to a 
lower cortcentr^tion they provide energy fpr 
movement of some ions and molecules in the 
t opposite direction. For ^example Na* and 
Ca-* are moved out by the carriers that 
move protonSjin., * 

^ These transport systems are commonly 
found in gram- negative bacteria. They have ^ 
a periplasmic binding protein plus a specific 

. membrane carrier. In the presence of ATP 
these systems can transport molecules so 
that the internal concentration far exceeds 
the external concentratioij. Systems such as 
this also exisj^ in gram-positive bacteria* but 
the m^^ihanism is not quite as clear. 

These systenjs 9atalyze a specific enzy-' 
matic reaction as the molecules ar^ firans- 
ported^ The best known system depends on 
phosphorylation of sugars ^with phospho- 
enolpyruvate as a phosphate donor (phos- 
photransferase system).^ *^ ' 

Bacterial flagella are rigjd helical struc- 
tures composed of protein subunits. Each 
^flagellum has a hook-shaped structure at its 
-base..Two disks ^n the end of this hook are 
/associated with the plasma men^jbrane. 

■ ^- ^ X) ^ 

Flagella are rotated by a force applied 
through the membrane. 'Energy for this 
turning is generated by the proton circula- 

^tion of the plasma membrane (PMF). Fla- 

. gella rotating in one direction propel the cell 
iiji^a straight line (a run). Reversal of rotation 
causes a disruption of this run (a tumble or 

' twiddle). 

5 

^ Bacteria are^.attracted to some chemical 
'Substances arid are repelled by others. Peri- 



'^TENRI^HMENT INFORMATION 
Antiport-produced Na* gradients may be 
used by tHe ^ell to drive influx of other 
molecules. Melibose and glutamate may be 
cotranspbrted with Na* by E. co/i. 



Some sugars, amino acids, phosphate, and 
K* may be transported by such systems. 



The phosphotransferase system responsi- 
ble for transporting glucose is found in many 
anaerobic and facultatively anaerobic bac- 
teria, e.g., E. coli, but does not seem to occur 
in strict aerobes like Pseudomonas and Afy- 
cobacterium. 



Flagella art good antigens and are respon- 
sible for the H anti^nic ^ieierminants, of 
gram-negative cells. 



The rotation direction and frequency oft 
change of direction of "tethered^* babteria* 



C PRACTICAL ACTIVITlI 



Flagella can be disaggregated into individi 
ual protein subunits. Given proper conm- 
tions these units will self-assemble into flag- 
ellar structures. * 



Certain modified; bactefia can be "teth- 
ered'^ to glass slides by antibody U> their 
flagella. WKen the 'flagellum is unable to 
turn, the rotation force results in the cell 
body turiiing. This can bie ''observed under 
the microscope and the rotation direction 
jcan be noted. 



• Qne t^st for qhemo taxis ^involves using a 
capillary Wkh an attractive or repel^i't sub- 
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. A. ESSENTIAL INFORMATION 

plafimic proteins, the same ones involved in 
transport (Microbial Physiology. Subtopic 
6.212), are involved in sensing concentration 
gradients of attractants or repellents. "The 
plasma membrane is affected by this sensory 
binding of molecules. If the bacterium is 
swindling into a higher concentratipn of an 
attractant, the run will be prolonged. If it is 
swimming into a lower concentration, the 
flagellar rotation direction will reverse more 
frequently and swimming direction will 
change until an up-gradient swimming direc- 
tion is resumed. 



B. ENRIGHMENT INFOI^IATION 

(Microbial P^siology, Subtt|)ic 6.222) can 
be observ^^p^hen potential]^ attractant or 
repellent chemicals ar^ ad^ed to the slide 
preparation. . r , 



C. PRACTICAL ACTIVITIES 

stance in it. The capillary is put into a sus- 
pension of bacteria. After a designated time 
the number of bacteria in the capillary is 
compared with the number in a control cap- 
illary without attractant or repellent. 
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'WVm AND subtoimOh 
1,0' Gcnernl Introduction 
I . I Derinition of Guneticft 




1.2 



Novel Koatures Making 
MiiTobeH Useful Tools 
for Genetic Studies 



KSHKNTIAL INKOHMATION 



GoneticH Ib the Htudy of the means by 
which hereditary information of cells is 
stored, expressed, and rnpdified and the 
mechanisms by which thl{), information is 
transmitted to other ;<:blU^ the population 
and to future generatlphH^df organi^sms. 

Micrdor^janisms have short generation 
times. Very large p()pulatiunsof almost iden- 
tical cells can be produced asexunlfiy froni a 
single cell in a short time. 



Maoy mioroorganisms are haploid, so mu 
tation^ can be expressed immediately. 



mm 




re transferred betweeri."microor 



B. KNHICHMKNT INFOHMATION 



CJeneration limes determined for some 
typical bacteria growing in liquid media un- 
der optimum conditions are as follows: 

ISenevhvd natrivf^ens 9 min 

Escherichia co(T 17 niin 

Staphyiococcus aSfvus 3(J nun 

Mycobacterium tuberculosis -800 min 

The time required for one cell to give rise 
to 10" cells under optimum conditions: 

B. riatrie^ens 4.5 h 

E. coll 8.5 h 

S. aureus 15 h 

M. tuberculosis -400 h 



C. PHACTICAL ACTIVITIIOS 



For microorganisms reproducing by bi- 
nary fission, generation time can be deter- 
mined by inoculating a culture witli a known 
number of cells, determining the population 
size at a later time, and applying the for- 
mula: 

^ - tu 



3.3 logi.i^i - logi.,^,, 

where: 

6' = generation time 

= time at first measurement 
/i = time at second measurement 
bi = number of cells at bejfmning of time 
period 

hi = number of cells at end of time pe- 
riod. 

Where microorganisms divide by binary fis- 
sion, a single cell will give rise to over 10'^ 
cells in 20 generations, and to over lO''* cells 
in 30 generations. 

. Some mutant white colonies of Serratia 
marcescens will develop if cells which are 
streaked onto a solid medium are exposed to 
sublethal doses of ultraviolet light. The non- 
mutant colonies are red. ^ 



Gene transfers b^qurririg in nature are, in 
part, responsible for the dramatic increase 
in antibiotic-resistant organisms iYx^i can be 
found today. Organisms resistant to several 
antibiotics can . even transfer this tjixultiple 
resistance^ to other organisms. Transfers oc^o^ 
cur witfiTij the same species and, in some 
instances, between species (Microbial Ge- 
netics, Topic 5.0). 
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Gene transfers can be studied in the lab- 
oratory (Microbial Genetics, Subtopics 5.2- 
5.5). 
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TOPICS AND suirromcs 



A. ksSKNTIAL INFOIIMATION 
A wide variety of mutantn can l)e iHolated. 



a KNIIICHMKN'I^ INFOUMATION - 
Mutant HtrainH of microorganlHmH »ie <1^- 
volopud and uned in indiiHtry. Mutants with 
enzymatic blockfi often accumulate large 
(luantitieH of useful end products. Mutants 
which are super-producera havi/been devel- 
oped to increase the production of antibiot- 
ics. Custom-designed organisms are being 
engineered to perform specific tasks, such as 
degrading petroleum and synthc^fizing insu- 
lin and interferon. 



C. PUACTICAL ACTIVrriKS 
pij^mentation mutants can readily he oh- 
g)0rve(l in colonies on solid media. 

Phnge-reaistant mutants develop as colo- 
on agar plates inoculated with sensitive 
biicteria and sprayed with phage. 

A^)tibiotic-resistant mutants can be. iso- 
Ijntcd on media containing the antibiotic. 
Nutritionally deficient mutants, called 
Hinxotrophs, can be identified by their failure 
to grow except when a specific growth factor, 
Wliich they can no longer synthesize, is pres- 
ent in the medium. 



2.0 GeneU<;ttlly Impor- 
tant Macromolccules 



Large populations can be grown, in a small 
volume. 



f 



V 



The major macromolecules important in 
.'j;be study of genetics are deoxyribonucleic 
^xi^' acid^(DNA), ribonucleic acid (RNA), and 
''"^^^^j^irofein. The genetic information coded in 
,DNA is transcribed into messenger RNA 
(mRNA); which is then translated into pro- 
tein. 



Exceptions exist, ^uch as in some RNA 
viruses in which an enzyme, reverse tran- 
scriptase, produces a DNA c6py of the RNA 
genome of the virus. 

f emin, H. 1972. RNA-directed DNA syn- 
thesis. Sci. Am. 226:24-33. 



Cell populations of bacteria can exceed 
10^ cells per ml in liquid cultures' Denser 
|>t)i)u]ations can be gro\vn on the surface of 
550lid media. 



2.1^ DNA 

2.1! DNA Structure 




The DNA molecule is composed of two 
complementary chains of nucleotides wound 
around each other to form a double helix. 
Each nucleotftle consists of a phosphate 
group, the sugar deoxyribose and one of four 
bases: adenine (AK-guanine (G)r thymine 
(T), and cytosine (C). The sequence of nu- 
cleotules on one strand determines the .se- 
quence on the second strand. Adenine on 
ont/ strand p^irs by hydrogen bond \yith 
thymine; on the other strand guanine pairs 
wit h cytosfne. The two strands are thus com- 
plements of each other. 

Mic 



Wat.son and Crick, in 1953, deduced the 
.structure of DNA^from X-fay crystallo- 
graphic data. 

Chargaffs wor^ of the late ,1940\s^and 
early 1950*8 showed that the four nucleotides 
of DNA are not present m equal' amounts m 
DNA and that the amounts var^ from one 
.species to another. He al.so showed that in 
DNA. t he number of moles of adenine equals 
that of thymine; the number, of moles of 
cytosiiij^equals that^of guanine. ; ,.a 

The base st^quence of DNA can be.deter« 
mined. The entire genome of severat vmises 
has beert sequenced, *. . 
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The two strands of a DNA molecule are 
{iiU{^ned in an antiparallel manner, i.e., one 
}?trand runs in^a 3' t(^5* direction and the 
other strand rurii-in toyj^iJirel tionvThe 
riumbers refer to the carh<>j[f at()m?4 in deox- 
'. y^ribose. ^ I v 'v 

The base composition of DNA -can be 
dt?termined by its isolation, acid hydrolysis, 
0ind then chr(miatogi:aphy to .separate the 
bases. Detection and quantitation of these 
bases yield the concentration of each. The 
percent guanine plus cytosine G+C) con- 
ttfrtt is a convenient de.scription of base cbm- 
pf).«5iti(m of DNA. ^ 



T()IM(^S AND HIIHTOIMCH 



A. KSHKNTIAI* |NK01(MAT|6n 
Crick, F, 11. C, 1054. Tho Hlnicturo ol'tlu) 
hereditary matoriaL Hoi. Am. 11)1:54-01. 



H. KNHK^MMKNT INKOIIM ATION 
FidduH, tJ, C. 1077. The imclootido hc- 
i\\w\\v.o of a viral DNA. Hci. Am. 2a7j54-()7. 



IMiAC'TUlAI. ACTIVI'l'IIW 
Tho U coiiUilit of any l)NA ifaii bo 
calculated by the followiuK formula: 




% G + C 



101 4- ICl 



[A] \ [Tl4-[C] HlGl 



X 100 



(whoro each base Ih measured in molea). 

The base con^poHition of the DNA dotor- 
mineH the teinporature at which the two 
atrnnds Beparato, this tempernturo being the 
melting temperature, or 7^. The higher the 
% G+C value, the higher the Tm- To deter- 
mine the buoyant density of a DNA mole- 
cule, the CsCl density gradient centrifuga- 
tion technique is used. The buoyant density 
of a DNA molecule is a linear function of 
the ratio of G-C to A-T complementary 
base pairs. 



2.12 DNA Function 



5 ^ * kJ 




DNA has two major functions: to r^j^licate 
itself and to code for the synthesis of protein. 
A gene is the sequence of nucleotides which 
codes for a single protein (or polypejptide). 
The entire array of genes in an organism 
coinprises its genome. 



Khorana and colleagues (1970) succeeded 
in chemically synthesizing the gene coding 
for the production of yeast alanine tRNA. 
• Ffolley, R, W. 1966. The nucleotide se- 
quence of a nucleic acid. Sci. Am. 214:30- 
39. 
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Early evidence that DNA is the carrier of* 
genetic information came from several dif* 
ferent researchers. 



The transformation experiments of Grif- 
fiths (1928) demonstrated that a transform- 
ing principle existed in bacterial cells. 

Avery, MacLeod and McCarthy (1943- 
1944), using the same species as Griffiths; 
demonstrated that DNA was capable of 
transferring inheritable properties to- a cell 
receiving the DNA. 

Hershey and Chase (1952) demonstrated 
that in viral infections of bacteria on^DNA, 
ancfhSt protein, entered the bacte^ffll^U to^ 
initiate the production of more virus parti- 
cles. 

Beadle and Tatum (1941) formulated the 
^'one'gene, one enzyme" hypothesis from 
'their studies of the mold Neurospora. Their 
hypothesis states a particular gene is respon- 
sible for the, production of a particular en- 
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Tlu) two UNA HtrahdH Hupavnti) a! 1\ Hpe- 
vllic point calUul llm uiiKin, Ah \\w HtnuulH 
Hoparatu, uu/.ymcH cataly/.u (ho HyiUlu^Hin of 
two nu\f HtrandH coinplumontary to oaoh of 
Ihu oilginal two HtrandH. Tho two now UNA 
inolocj^OH forniod ('ouHiHt of onu original 
DNA Htrand and itH nowly HyntheHizod con»- 
plunujutavy Htrand. 'Huh p^enn of DNA 

L'orhi^r 



replication Ih turniud "Heiiucon>i^rv«tivo." 



Hoplicatlon \h a coinplox procmm catnly/od 
by a Hurit'H of polynujruHCH whirb r^'tpdre a 
HinH^-Htranded Uiniplatu, The HiMUMal Hlepn 
inMho [)roveHH have huen identified: 

DNA unwindH at thu orlgh» to form a 
replication fork and expoHo Hhigle-Htrahdet) 
HectioiiH. 

An eii/.ynu> synthuHizeH a Hhort Hegn»ent of 
conipUanentfiry UNA, about 50 iiuclt'otideH 
long, to part of the exposed Hingle HtrandH of 
DNA, thuH forming DNA UNA hybrids. 

UHing a Hpwcific und (called IV) of the UNA 
Hegmunt an a printer, another enzyme initi- 
uteH DNA HynthesiH in a Hpecific direct i(m 
along tl)e ninglu-Htranded DNA. This proc- 
esH reHults in a DNA-DNA section attached 
' to the HNA'DNA hybrid section. 

The primer TiNA segment is removed by 
another enzymL\leaving the aingle strapfled 
DNA section, 

Another enzym^ synthesizes DNA com 
plementary to thdsti sections from which the 
RNA was remcJved. This produces two 
DNA-DNA double-stranded sections, each 
identical tio the Jriginal DNA' section. 

An enzyme sials any gaps in tHe DNA 
strands. 

The process in* steps L through 6 is re- 
peated around the circular DNA of bacteria 
until replication is corif^®e, resulting in t\vo 
DNA mplecules exactly like the original 
DNA molecule (Fig. 1). 
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xvn\o, i.o,, inwU ou/ynu) ia (uulod for by a 
Hingle g(Mui. 

lUmdle, 0. W. M>IH, Tho Koium of mou 
and Oioldb. a(jl,UliuU7«j;H)-HK 

V' • • ./"U .. .... 

M<W>lHun and Staid (1058) \(Hod Niihfff\^r 
t ivhiu v(»li DNA and a CsCI density (^entrlf- 
UKation terhnl(|Uo to demonstrnle tbe send- 
conHorvallvo mo(le of UNA repbcation. 'I'he 
E, c(yfi tells wero grown for H gunerations 
in mudiunu '"N is a nonradioactive is(>- 
tope of nitroguo. If '*'N la used to synthesize 
DNA instead of the usual "NvUiu ' 'N DNA 
will be densur, By switclduK tl^"N- grown 
cells to "N medium for onu generation and 
then isolating the DNA, followed by CsCl 
duysHy gradient centrifugation, they found 
the UNA from these cells to be intermediate 
in density to that of cells grown only in "N, 
After a second generation, they found that 
one-half of the DNA was of intermediate 
density and one-half of the DNA was^the 
jlensity of that of cell grown only on "N. 
These results are consistent with semi- 
consorvative replication rather than a model 
in which the parent DNA is conserved in- 
tact, or a model in which the parent DNA is 
randomly dispersed between tho^ progeny 
molecules. 



/ 



Cairns (1963) used radioactive thymidine 
to confirm semiconservative replication in 
bacterial cells. Photographic emulsions 
placed over slides spread with E. coli cells 
grown oir'^radioactive thymidine showed 
blackeneii ^iilnsi^Kdre radioactive particles 
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TOPICS AND SUBTOPICS 



A, pSSENTlAL INFORMATION 



2.21 



RNA 

RNA Structure 



RNA is a single-stranded chain of* nucleo- 
tides. The nucleotide subunit of RNA differs 
from that of DNA in that ribose replaces 
deoxyribose and uracil r^Iaces thymidine. 
There are three major types of RNA: 
mRNA. transfer RNA (tRNA), and ribo- 
somal RNA (rRNA) ^. 

/ 



of A'* Q 



B.. ENRICHMENT INlbRMATION 



mRNA is a single, nonhelical strand. In 
bacteria, an a^jerage mRNA is 900 to 1,500 
nucleotides iong. ; v 

Hut^tzij., aijd J. J. Fufth. 1962. Mes- 
senger RNAi Sci.lAiTi. 206:41-49. 



C. PRACTICAL ACTIVITIES » 
had exposed the jihotoemulsion. The repli- 
cating E3FNA was photographed in a config- 
uration that is consistent with semicon- 
servativelrepUcation. 

CairnsI J. 1966. The bacterial chromo- 
some. Sci.lAm. 214:36-44. <^ 



\ 



The three kinds of RNA vary in size. One 
method of measuring RNA size is by an 
ultracentrifuge technique developed by 
Svedberg. The sedimentation- velocity 
rpetho'd yields a sedimentation coefficient^ 
value for the material bein^ cehmfugerfat 
high speeds in a solvent. The se^unentation 
coefficient is called a Svedberg unit and is 
denoted by the letter S. 



rRNA constitutes up to 65*^V ofTibosoma) 
mass. -The bacterial ribosome has t\yo basic 
subunits: a 50S unit and a 30S unit. These 
subunits are composed of rRNA and poly- 
peptide.s. The intact ribosome has a 70S 
value. Bacterial ribosomes generally have 
three different linear, single-strandec} mole- 
cules of RNA with the following S values: , 
5S, 23S. tRNA is of relatively small 
molecular weight, 23,000 to 28,000, with 75 
to 90 nucleotide subunits. The baeterial.cells 
contain about 60 different tRNA. species. 
Kucaryotic cells may jiave 100 to 200 differ- 
ent tRNA'.s. . ^ 

tRNA is folded in alspecific ihaH\ner, re- . 
sembling a cloverleaf. At orie^.of the 'ieafs'Z 
of the cloverleaf is a region c^Jjed the anti- 
codon ^ite. Thik site is thi^,A nucl^ /ides 
long; at thi.s regionthe anticodon hty 4fvWitjh ^ 
the codon of the mRNA. Aj dJ\od/\'r^t\i\ of 
the tRNA molecule is an aminc^nd bmiding' 
site (Microbial Genetics, Subt()|>if^2\3'S2L 

Rich, A., and S. H. |Cim. 1978. ^e 
three-dimen.sif)nal .structure of tra/n.^fer 
RNA. Sci. Am. 238:52« %. 
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TOIMCS ANt) SIJBTOPICS 



A. ifeSKNTIAL INFORMATION 



D. KNUICIIMICNT INKOHMAtlON 
Eucaryotie ribosomea of the cytoiilaflm 
have four different RNA molecules: 5S, 28S. 
7S, I8S. Ribosomes in the mitochondria of 
eucaryotie cells resemble those of bactt>ria 
in S values. 

Ribosomes from the cytoplasm of eucar- 
yotie cells are larger than those of bacteria. 
The two subunits are 60S and 40S. and the 
intact ribosome is 73 to '80S. 



C, I'UAC riCAL ACTIVITIKS 



2.22 RNA Function 



2.23 RNA Synthesis 



2.3 Protein 

2.31 Protein Function 



ERIC 



The three types of RNA have specific 
. functions in protein syntjxesis. mRNA is 
translated into protein; it Lsa trdnsitory mol- 
ecule coding for the synthesis of one specific 
*protein. tRNA molecules carry amino acids 
to the ribosome. rRNA interacts with spe-' 
cific proteins to form a structure called the 
ribosome. The ribosome functions as the site 
of' protein synthesis (Microbial Genetics, 
Subtopic 2.33). 

RNA molecules are synthesized enzymat- 
ically, with one sjtrand of DI^I A as the tem- 
plate (transcription). Specific genes code for 
each kind of mRNA, tRN^, and rRNA. 
mRNA synthesis represents the first step in' 
protein synthesis (Microbial Genetics, Sub- 
topic 2.33). 



mRNA molecules of etHW^votic cells have 
a rather long half-life when compared with 
those of procaryotic niRNA molecules 
which have half-lives of a few minute.s. 



A protein or polypeptide is^ lineafchain 
of amino acids joined together by peptide 
bonds. Proteins have unique, three-dimen- 
sional structures determined by their amino 
acid sequences. 



Hybridization techniques have been used 
to isolate specific genes. In fact, th^s tech- 
nique conveniently selects a gene on the 
DNA fpr isolation and study. 



Certain antibiotics inhibit RNA synthesis. 
Actiportiycin D binds to DNA so RNA po- 
lymerase does not complete synthesis of 
RNA! Rifamycins inhibit bacterial RNA po- 
lymerase activitj^. ^ 

Sobell, H.-M 1974. How acUnomycin 
binds to DNA. Sci. Am. 231:82-91. 



\ The primary structure of a protein mole- 
cule is the sequence of amiiro acids. 

Kendrew, J. C. 1961. 'the three-dimen- 
sional structure of a protein. Sci. Am. 205: 
96-110. 
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Nirenherg and Matthei (I9H()) developed 
a cell- free system for protein synthesis. In- 
cluded in the test system were bacterial ri- 
bosomes, amino acids, ATP, UNA, enzymes 
and cofactors (Microbial Genetics, Subtopic 



Under appropriate laboratory conditions. 
RNA molecules can form double-stranded 
structures (hybrids with the DNA sequences' 
from which they were transcribed). The hy- 
bridization process involves base pairirtg be- 
tween the RNA nucleotides and the DNA 
nuclfeotides, adenine on the DNA strand 
pairing with uracil on the RNA strand. 



r 

Amino acid sequenced of proteins can 'be 
determined in laboratories equipped \^th 
seqXienators and amino acid analyzers. The 
three-dimensional structure results frbm in- 
tramolecular bonding, both covalent and 
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TOPICS AN 13 sunronca 



A.teHKNTlAL INFOUMATION 



H, KNUICIIMKNT INFOHMATION 



C, IMlA(nMCAI. ACTivrriRs 
noncoviilonl, (u addition, in hoiuo prololuH 
Iwo or nioru j)oIy|M)|)li(li\oIminrt.aru aHHod- 
jUod (o form a funcllonal proUtin. 



2.32 Protein Function 



2.33 Protein Syntheflis 



2.331 Transcription 



2,332 Translation' 




Proteins function as onzymos and ns struc- 
tural elements. All the propertie« of a cell 
are detCirminod by its proteins: 

Genetic information flows from the nu- 
cleotide sequence of the DN A to the nucleo- 
tide sequence of mRNA to the primary 
structure of the protein. The first part of the 
process is transcription; the second part is 
trapalation (Fig. 2). 



The two procesflCH'are separated by a nu- 
clear menlbrane in eucaryotes. Tjmnscrip- 
tion is a nuclear process; translation occurs 
on the ribosome. 



? The mRNA molecule is synthesized com- 
plementary to a gene on one strand of DNA. 
Transcription begins and ends at specific 
sites on the DNA. A sequence of three bases 
of the mRNA is called a codon and specifies 
one amino acid. 



The mRNA binds to the ribosome, where 
it is decoded into a sequence of amino acids. 
Each tRNA molecule functions as an adap- 
tor by binding to a specific amino acid at 
one end and recognizing and binding to a 
specific codon in the mRNA on the ribo- 
some. As.the mRNA moves along the ribo- 
some successive codons are translated and 
amino acids polymerize in the proper se- 
quence (Fig, 3). 



DNA is transcribed by RNA polymerase 
I ^zyme which has several subunits, One of 
the subunits, the sigma factor, is responsible 
for recognizing the specific DNA site where 
transcription is initiated. For some genes, 
this site is oa one strand* of DNA, and for 
other genes, this site is on the other strand. 

In eucaryotes, there are several RNA po- 
lymerases which transcribe different kinds 
of RNA. 

The complete genetic code can be found 
in most biochemistry texts. 

Translation of mRNA involves foui* major 
steps. <^ 

(ij Activation of tRNA. Each aminq Acid 
has a specific enzyme, aminoacyl-tRN A syn- 
thetase, ' w'hich covalently links a ^ecific 
amino acid to its tRNA. The amino\cid- 
tRNA combination is termed aminoacyl- 
tRNA. 

(ii) Initiation of translation. A complex is 
formed among the first aminoacyl tRNA, 
tRe mRNA and the ribosome. 



Microbial Genetics— 17 



Electron niicirographs of procaryoteH have , 
shown the two prociusse^ of transcription and . 
translation of the ftame gene occur almost 
simultaneously. 

Nirenberg and Matthei (19(11) developed 
a cell-free system to synthesize polypeptides. 
This system incl^uded ribosomes, amino, 
acids, and a synthetic RNA polymer of 
known composition used as mRNA. A syn- 
thetic RNA with only uracil as the base 
coded for a polypeptide of only phenylala; 
nine. 
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TOPU^M AND HUlVmridM A, KMMIWriAl INlt'OUMATUiN 11 lilNUfc^l IMKNT INKOUMATION . V VUMmVM. AC TIVmKM 

' ' ' iiil) I'olyiiuu'i/ndon nhunino Mcldh. A mu' 

(Mid (UNA l)li1(lM to tho t'(Mloi\ MdjncoiU \o 

(ho InKindnir (UNA. Am ii poptldo hond 

(orinM (in/.,viuii(l(Mdly i>o(wooii (lu^ iwd iidjii ^ ^ 

i'i»ui ainiiio iicldM. llu'» Initiatini^ (UNA (Hm ^ 
* {'UiwWoH \\h luniiui iirid, Additionjd (KNA 

moloculrH hind In H(U|ut»iu'M to {\\v\v appro- 
piitito (<(kI(mim Miul pit k up ilu« ffrowloK v^^v- 
lido v\u\\\\ in turn. 

^ (iv) 'riM'inioiilion. 'I'tu* prohMii ciinni in 
coinplcUut wluMi (lu> rilxmoMu^ r(*M('lu\M n co- 
<i<)n wlui'li coditM lor no niuino acid (m non 
Hf hHt». codon). 'VUii at'tivntion (UNA and 
pi»p(id() chain olon^ation, iiupiiri'H iMirrny 

Crick. I'\ II. C. Il)(i2, Tlu- «onr(ic lodo 
Sci. Am. 207:(»(»-7-l. 

NiroiiborK. M. W. UMi.'!. The ^oiuMii- (>o(U' 
. 11, Sci. Anr 20H:H{)-tM 

Crick. l\ M. i\ The ^^ciuMu voiW 

III. Sci. Am. 2ir):r)r)-*)2. 



3.0 Organization of Ge- 
netic Material 

3. 1 Procaryotic Organiza- 
tion 



3.11 Chromosome 



The procaryotic chromosome generally 
exists as a closed circular DNA molecule. 
The chromosome is not surrounded by a 
nuclear membrane. No structural proteins 
have been identified. 




A typical bacterial chromosome {Esche 
richia coli) has a molecular weight of ^.'J x 
10" and contains 4.r) X nucleotide pairs. 



It exists as a very long, looped ' (super- 
coiled) molecule. 

The % G-fC of. the DNA differs between 
species. It may vary from ^25 to 709f G-f C. 

The sequence of bases in the DNA may 
be used as a measure of the relationship of 
different species. The more identical the se- 
quence, the closer the relationship. 

DNA replication and cell division* may 
proceed at different rates in babteria. The 
av^age number of chromosomes, therefore, 
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The nuc[eai' region can hv seen within the 
cell, both by staining and hy phase micros- 
copy. 



The circular (^roniosotnc may he visual- 
ized by electron microscopy. 

The chromosome may be isolated at- 
tached to the bacterial membiane by deter- 
gent lysis of the cell, followed by centrifu- 
gation. 
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TOFiaS AND SUBTOPICS 



3.12 



Plasmid 



' A. KSSKNTIAL INFORMATION 



A plasmid is ail extra chromosomal, closed 
circular DNA molecule. It may be 0.1 to 10% 
the size of the cell's genon\e. Plasm ids are 
not essential for cell growth, but provide the 
cell with properties that may be useful under 
certain conditions'. 



B. KNiilCHMKNT INFOHMATION 
varies with the growth rate of the cell. The 
faster the cell grows, the greater the number. 

The molecular weight of plasmids varies 
from--10''to>10^. 



Multiple copies of a plasmid may be pres- 
ent in a cell 



Plasmid replu ation may be under it-s own 
control or that of the chromosome 

Plasmids may contain genes that control 
their replication and transfer to other < ells 
Tbey may also contain structural genes for 
a variety of proteins. 

Plasmids may be grouped into classes de- 
pending on the gene products for which they 
code: drug resistance, bacteriocin, toxin, deg- 
radation of hydrocarbons, and proteins con- 
cerned with gene transfer 

Clowes, R. C. 1973. The molecule of in- 
fe(*tious drug resistance. Sci. Am. 228: 18-27 

Some plasmids may exist either independ 
ently in the cytoplasm or integrated info the 
ba(*teriar chromosome 



C. PRACTICAL ACTIVITIKS 



Plasmid DN%may be isolated intact by 
equilibrium density centrifugation in a salt- 
dye solution. The closed circular plasmid 
DNA separates from the lineeir fragments of 
the chromosomal DNA. 

Plasmids may be compared in a number 
of ways. Their molecular* weight rhay 'be 
determined or their sequence homology may 
be compared. They ma-y be cleaved into 
fragments by enzymes (restriction enzymes) 
which cut at specifrc. sites. Each plasmid 
yields a distinct and reproducible fragment 
pattern 



Transposon 



Woti<- Organ I 



A transposon is a genetic element (DNA) 
which cannot exist autonomously but may 
insert itself at numerous sites either .into the 
chromosome or into plasmids in the ( ell It 
may move (jump) from one DNA molecule 
to another within the cell 



Transposons carrying a variety of genes 
have been characterized These inc lude drug 
resistance (ampicillin. streptomycin, and 
kanamycin), toxin synthesis, and /^galacto 
sidase synthesis. 

Cohen, N., and J. A. Shapiro. 1980 
Pransposable genet k elements S( i Am 
242:40-50 
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TOPICS AND SUBTOPICS 
3.21 Nuclear DNA 



:\.22 Kucaryntit Organelles 



Viral Chromosomes 



4.0 Mutation 




A. ESSENTIAL INFOHMATION 
The majority of genetk material (DNA) 
of the eucaryote is located in the nucleus. It 
is found as multiple structures (chromo- 
somes), each containing a large DNA mole- 
cule and bound structural and regulatory 
proteins. 



Moth niit()( hondna and ( hloroplasts ( on- 
tam small DNA molec ules similar to those 
of pro( arvotXs 



B. KNHICHMKNT INFOItMATION 
Eucaryotes contain several basic proteins 
(histones) bound to their DNA. There are 
five classes of histones which are very closely 
related in all higher organisms. These help 
determine the chromosome structure. Acidic 
proteins bound to the DNA are involved in 
the regulation of gene expression. 

. The nucjieus may contain one (haploid) or 
two (diploid) copies of each chromosome. 

Eucayyotic microorganisms contain about 
10 times more DNA per. haploid genome 
than/procaryotic microorganisms. 



C. PUAC riCAL ACTIVITIES 
The chromosome number can ^be deter- 
mined in some cases by staining chromo- 
somes and counting and can be estimated by 
linkage analysis. 



The size of the haploid genome can be* 
^ determined by measurement of the rate at 
which single strands of DNA reas.sociate. 
The kinetics of reassociation can also dem- 
onstrate the preseme of multiple <'opies of 
some sequences in the j^enome ^ 



DNA of eucaryotu orf^anelles ranges in 
molecular weight from --2.5 x 10'' to Kf 

Organelle DNA <<)ntains genes for rf^NA.e* 
nbosonial protem. and some, ^ut not all. 
tKNA s It also contams gent^or some en 
zvnies such as < vto< hrome oxidase in mWa 
( hondna' and ribulose diphosphate ( arhox 
vla.se ( hloroplasts, 

'I'he circular organization of the DNA. the 
lack of bound protein, and the presence of 
these genes support th^, theory that eucar- 
yotic organelles evolved from procarv<»ti( 
organisms. 

Goodenough, U. W^f and R. F* Levine, 
1970. The i;enetic activity <if mitochondria 
and chloroplasts. Sci. Am, 223:22-29 

Some viral DNAs contain modified base 
residues, such as glucosylated cytosine found 
in bacteriophage T. 

Viruses contain many fewer genes than 
bacteria; their total number ranges from 3 to 
250. 
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The genetic information of viruses may be 
single- or double-stranded DNA, or single- 
or double stranded RNA, depending on the 
viral species. No structural proteins are as- 
sociated with the nucleic acid. The nucleic 
acid may be either a linear or circular mol- 
ecule, depending on the virus. 

Sinsheimer, R. L. 1962. Single-stranded 
DNA. Sci. Am. 207:109-116. 



A mutation is an inheritable change in the Mutation events in a population can be 
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TOIMCS AND SUBTOPICS 



^.1 Types of Mutations 



A. KSSKNTIAL INFORMATION 
nucleotide sequence of DNA (or RNA, if 
that is the genetic material). ^ 



A mutation may change any characteristic 
of a cell or virus. Mutations are detected by 
their altered phenotypes resulting from 
changes in an enzyme or other protein in the 
mutant cell. - 



, B. ENKICHMENT INFORMATION 
distinguished ifrom reversible phenotypic 
changes resulting from environmental 
changes.. Only a ievf cells iij the popula^^ion 
in .the former instance and all cells in the 
latter instance show the new phenotype. 

Examples of types of mutations include 
structural — bss or gain of "Ability to produce 
a capsule or flagella; change in colonial mor- 
phology;, drug or virus resistance — growth in 
the 'presence of a drug or virus which kills or 
inhibits the growth of the parent; loss of 
catabolic enzymes; nutritional— loss of abil- 
ity to synthesize a biosynthetic enzyme 
which produces a requirement for a partic- 
ular nutrient or growth factor not required 
by the parent*^ell (parent is the prototroph 
and the nutritional mutant derived from it 
is an auxotiioph); and conditional lethal—^ 
defect in enzymes required for macromolec- 
uUr synthesis (essential end product cannot 
be supplied as in nutritional mutants, and 
the mutant will grow only if certain environ- 
mental conditions are present). These mu- 
tants are often temperature sensitive, unable ' 
to grow at the higher temperatures at which 
the parent cells can grow. 



C. PRACTICAL ACTIVITIES 



I, 



Some mutants fnaysbe detepted by^direct • 
obsJ^ation, as, for example, a change in 
pigmentation or a change. in growth pattern 
on a differential medium. 

The replica-plating technique developed 
by the Ledenfeergs i^ particularly useful for - 
detecting and isolating mutants which re- 
quire a specific growth factor. A velvete^h 
pad is used as an inoculating device to trans- 
fer colonies in their exact position froml>a 
plate containing an enriched medium to a 
variety of media lacking particular growth 
factory. rJlutants are identified by their fail- 
ure to grow on media lacking a particular 
growth factor. 

Aa enrichment technique may be used as 
a first step in the isolation procedure. The 
cell population is incubated under condi- 
tions in which the parent cell type grows and 
is thereby killed or eliminated. Under 4he 
same conditions, the mutant cell neither 
grows rfbf is killed Th^ remaining cells arp 
then trarfsferred to med^^ in which the mu- 
tant can grow. Exrfmjiles otthi§ technique 
include the penicillin selection method fo? 
baqteria and filtration techniques for mold« 

Mutations ma^ or may not cause an oh-j' 
servable change in phenotype, depending on* 
the extent or site of change. Since more t^an 
one codon may repVes^nt a particular amino 
acid, it is possible to have a <2nange in a 
single base of the DNA molecule resulting^ 
in an alternate codon for the same amino 
aodd. It is also possible that slight changes in 
amino acid sequence in ^nzymes may have 
little or no effect on enzyme activity and 
may go undetected. 
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TOPICS AND SUBTOPICS 
4.11 'Reversion of Mutations 



A. HSSiONTIAL INFORMATION 
Mutants may rit^yert to their original phe- 
notype. 



B, KNHICHMKNT INFORMATION ^ C. PRACTJJJAE ACTIVITIFIS 

Restorrtjonofthe original phenotype may The Ames testis based on the' reversion 
occur in thfe following ways: true reversion— of mutants '(Microbial Genetics^ Subtopics 
^he altered nucleotide sequence is restortjd 4.4). 
^^-'lo tfie original, or suppression— a ihVitation „ . ^ , \ ^ 

• occurs elsewhere in the gencpne that restores \? 

the original phenotype. TWs nriay* be a mu- ^ 
* tation in the same gene Hotragenic) or in - ^ 

ahother gene (extragenic). A suppressor i|iu- * \: 

tation usually refers to extragenic suppres- *• , ^ . ^ 

sion. 



4.2 



Mechanisms of 'Muta- 
tion 



4.3 



Rates of Mutation 



4.4 



Mutagenic Agents 




The nucleotide sequence of DNA may be 
changed by substitution'of one nucleotide 
for another or by addition- or deletion of one 
or more nucfeotides. 



The frequency with which mutations oc- 
cur^t^pecific sites on the DNA molecule 
differs, ^utation rate expresses the proba- . 
bility that a (fell will undergo mutation at a 
particular gene. An average frequency of 
spontaneous mutation at any given gene is 
10~", or one change in afnillion. 



Chemical and physical agents which in- 
crease the rate of mutation are called mu- 
tagenic agents. 



Mutational events involving a change in 
a single nucleotide or nucleotide pair are 
called point mutations. 

. figure 4 illustrates the effect of adding a 
nucleotide pair, resulting in a type of muta- 
tion referred to as a frameshlft mutation. 

Large deletions are not revertible; small 
deletions ma^ be rdvertible by suppression. 

A "spontaneous mutatfon" arises with no 
intervention on the part of the investigator. 
The frequency range for spontaneous mu- 
tations is lO^^^'to^ 10"'". The probability of 
two mqtational events in one cell is the 
product of the probability of the two sepa- 
rate mutation^. Because of mutations, not 
all cells kri^ing frpm a single cell are geneti- 
cally ider^ical. 

'/ ' , * . 

Mutagenic agents are used experimentally 

to increase the frequency of mutation; there 

is a dose-response effect with any mutagenic 

agent. 

r 

1 No mutagenic agents-a^e known which 
cause mutations only in particular genes. 
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The mutagenic activity of ultraviolet 
(UV) light can be demonstrated by irradiat- 
ing a bacterial culture {Serratia marce.s- 
cen.s) and then comparing the frequency of 
mutations fn'^the^ irradiated cultures and , 
unirradiated cultures with regard to pigmjpn- 
tation and colony morphology. ^ 

The Ames test, a screeoing.test for poten- - 
tial carcinogens, is based on the fact that 
most known carcinogens are mutagenic 
agents. Since mutagenic agents increase the 
rate of mutation, they also increase rever- 
sion rates. In the Ames test, histidine-re- 
quiring Salmonella mutants are used; the 
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ParenuCell-rNonmutant ^ 

DNA segment " ^ T C A C G A A' T A' ■ T G A C T» A ■ ^ 
mKNA segment AG V GCUUAUACU GA U (transcription) 



AA sequence 



ala 



tyr • thr 



asp 



(translation) 



DNA segment 
mRNA segment 



AA sequence 



utant Cell— Insertion of Base Pair 



CACTGAATATGAC 
AGUGACUUAUACUG 



T A 
A 



asp 



leu 



t^r 



"Nonsense" 
chain 

termination 



^ Fig. 4. Frame shift mutation. 



(transcription) 



(translation) 
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TOPICS AND SUBTOPICS 



A. KSSKNTIAL INFORMATION 



B. KNHICHMKNT INFORMATION 



4.5 



Selection of MutanLs 




Changes in the environment may give a 
mutant an advantage so that it will grow 



Categories of mutagenic agents include 
the following, (i) DNA hase analogs suhsti- 
tute Uyr normal hases and result in an in- 
creased incidence of incorporation of 
"wrong" l)ases. Kxamples are S-bromouracil 
(BU) and 2-amino[)urine (AP). (ii) Certain 
.chemicals react *with DNA bases in such a 
way as to change their chemical structure, 
resulting in a change in hydrogen l)()nding 
properties and conseciJW<?nt changes in ba.*?e 
pairing, addition or deletion of bases. Kx- 
amples include nitrous acid, hydroxylamine, 
monofunctional alkylating agents, such as 
ethyl methane sulfonate (KMS), bifunc- 
tional alkylating agent^t, nitrogen mustards, 
mitomycin, and nitrosoguanidine. This last 
group causes cross-linking between the two 
DNA strands, prevents unwinding, anrfmay 
result in deletion of a segment of DNA. 

Acrjdines insert between bases in DNA 
and cause^the addition or deletion of a single- 
base, producing frame-shift mutations. 

UV radiation causes formation of covalent 
bonds between two adjacent thymines on 
the same strand of DNA (thymine dimer), 
producing changes in base pairing. In some 
instances, the actual expression of mutations 
may depend on the excision and faulty repair 
of the damaged segment. 

Deering, R. A. 1962. Ultraviolet radia- 
tion and nucleic acid. Sci. Am. 207:135-144.- 

lonizing radiation (X rays and gamma 
rays) produces multiple effects on the DNA 
molecule. Transposons insert into genes, 
thereby inactivating them (Microbial (ie- 
netics, Subtopic 3.13). 

An example of natural selection is the 
increased incidence of penicillin-resistant 
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C. PRACTICAL ACriVITIKS 
rate of reversion to prototrophy is measured 
in the presence and absence, of the chemical 
being tested. If the chemical is mutagenic, 
the revei;gion rate increases. 

Devoret, 1979. Bacterial tests for po- 
tential carcinogens. Sci. Am. 241:4Q-49. 



Antibiotic-containing media can be used 
to select antibiotic- resistant mutants in a 
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TOPICS AND SUBTOPICS 



A. ESSENTIAL INFORMATION 

faster than the parent and replace it in the 
vpopulation. The change in environment? does 
not cause or induce the mutation but selects 
for preexisting mutants. 



4.6 DNA Repair 



Microorganisms have enzymatic mecha- 
nisms to repair certain types of DNA. Some 
mechanisms require visible light. 



B. ENRICHMENT INFORMATION 

Staphylococcus strains after the initiation of 
penicillin therapy in the 1940s. This muta- 
tion was not induced by penicillin^ I;>ut pen- 
icillin acted as a selective agent for preexist- 
ing mutants. 

A population tends to remain genetically 
stable in the absence of an environmental 
change selective for mutants; each mutant is 
in equilibrium at a frequency in the total 
population proportional to its mutation rate. 
Since no environment is completely nonse- 
lective, cultures maintained over long pe- 
riods in a laboratory tend to change. 

Bacteria adapt more readily to new envi- 
ronments than eucaryotic cells because their 
haploid nature makes possible the immedi- 
ate expression of mutations, their growth 
rate is faster^ and the large 'number\of cells 
in a population increases the probab^ity of 
a wide variety of Mutants. 



bjiit 



Photo-repair or light repair mechanisms 
require visible light. This mechanism repairs 
UV-induced damage and breaks the cova- 
lent bonds joining thymine dimers; it re- 
quires ^specific enzyme system. 

Dark repair mechanisms do not require 
visible light. One type involves specific cel- 
lular enzymes which excise the damaged 
portion of a single DNA strand and other 
.enzymes which then synthesize a segment of 
DNA complementary to the normal DNA 
strand. Rare errors may be made in this 
repair process. 



C. PRACTICAL ACTIVITIES 

population. The replica-plating technique 
can be used to demonstrate that the mutants 
were preexistent and not induced by the 
antibiotic. 



To demonstrate repair mechanisms which 
require light, UV-irradiated cells may be 
exposed to light and the frequency of mu- 
tations in cells exposed to light may be com- 
pared with that of UV-irradiated cells kept 
in the dark. 



5.0 Recombination 



Recombination is the joining together of 
DNA molecules from two parents, which 
results in traits in the offspring not found 
together in either of the parentis. The process 
requires the DNA molecules to be homolo- 
gous to each other. 



The frequency of recombination between 
two genes is proportional- to the distance 
between them. 

The location of a large number of genes 
has been mapped on chromosomes of viruses 
and bacterial and eucaryotic organisms. In 
H. coli, over HOO genes have been mapped. 
Mapping studies of several viral and bac- 
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TOPICS AND SUBTOPICS 



A. ESSENTIAL INFORMATION 



B. ENRICHMENT INFORMATION 
terial chromosomefi have shown that many 
are circular. 



C. PRACTICAL ACTIVITIES 



5,1^ 



5.11 



Viral Genetics 



Virus Replication Lytic 



5.12 



Virus Replication Tem- 
perate 




Viruses can undergo recombination. 



Replication of bacterial, animal, and plant 
viruses is similar. The nucleic acid of the 
virus separates from the protein coat and 
serves as the template for the synth^is of 
viral components. Host cell enzymes func- 
tion to supply energy and the building blocks 
of the virus particles. Multiple viral particles 
are synthesized and released from the cell., 

The replication of virulent viruses can be 
illustrated by the replication of the T-even 
bacterial virus (bacteriophage or phage) in 
E. coli (Fig. 5). 

Stent, G. S, 1953. The multiplication^f 
bacterial viruses. Sci. Am. 188:36-39. 

Some bacterial viruses have the ability to 
multiply either as a lytic phage or as a part 
of the bacterial DNA following the integra- 
tion of viral DNA into the DNA of the cells 
they invade. Viruses that have the ability to 
replicate in this fashion are termed "tem- 
perate." The viral nucleic acid (prophage) 
replicates whenever the bacterial RNA rep- 
licates. Bacteria carrying a prophage are 
termed "lysogenic." The protein of the virus 
is not synthesized as long as the viral DNA 
remains integrated in th6 host DNA. Under 
certain conditions, the viral DNA becomes 
excised from the bacterial DNA (induction) 
and virus particles are formed by the same 
sequence of reactions involved in lytic rep- 
lication. (Fig. 6). 

Campbell, A. 1976d?How viruses insert 
their DNA into the DNA of the host cell. 
Sci. Am. 236: 102- 1 13. 



Animsd and bacterial viruses invade c^ls 
after binding to specific receptor sites on the 
walls of the host. This leads to specificity of 
the virus and the cell it infects. Plant viruses 
do not attach to specific receptors on the 
cell walls of the plant and, therefore, have a 
wide host range. 

Some viruses are released ,from the cells 
they infect by lysing the cells. Othei' virus 
particles are extruded from cells without 
lysing the cell. 



The integrated viral DNA may alter the 
properties of the host cell. For example, 
Corynebacterium diphtheriae produces a 
toxin only when lysogenized by a specific 
phage. Scarlet fever is caused by a lysogenic 
strain of Streptococcus pyogenes. Animal 
tumor viruses are also capable of integrating 
their DNA into the host cell DNA. The host 
cells are transformed by the integrated DNA 
into cells having many properties that are 
different from those of the uninfected cells. 
RNA tumor viruses contain an enzyme that 
copies the RNA into DNA, which is then 
integrated into the DNA of the host cell. 

Herpesvirus DNA may become integrated 
into the DNA of the host cell after herpes 
infection. 

Some temperate phages exist as plasmids 
as part of their life cycle. 
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Infection of the same cell with two viruses, 
each having a different mutation, results in 
the release of some virus particles having 
properties of both infecting particles. 



Cell lysis can be observed as plaques, or 
zones of clearing. 
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TOPICS AND SUBTOPICS 
2 Procaryotic DNA 
Transfer- 



21 DNA-Mediated Trans- 
formation 



A. ESSENTIAL INFORMATION 
A part of the bacterial chromosome may 
be transferred from dbnor to recipient cells 
by three diiferent mechanisms. The three 
mechanisms are: DNA-mediated transfor- 
mation, conjugation, and transduction. Once 
inside the recipient cell, the donor DNA may 
recombine with the recipient chromosome 
(Microbial Genetics, Subtopics 5.21-5.23). 



Short segments of DNA are released from 
donor cells when they lyse. The DNA can 
often be taken up and expressed by recipient 
cells. 

Hotchkiss, R. D., and E. Weiss. 1956. 
Transformed bacteria. Sci. Am. 195:48-53. 



B. ENRICHMENT INFORMATION 
Transfer has been demonstrated in only a 
small minority of bacterial species. The lack 
of transfer may merely reflect not having 
the conditions necessary to elicit gene trans- 
fer. 

Procaryotic DNA transfer results in the 
recombinant remaining haploid, since inte- 
gration usually occurs quickly after DNA 
transfer. Occasionally, partial diploids may 
result if the entering DNA is not integrated. 

To take up DNA, the recipient cells must 
be grown in a certain way that varies from 
species >to species. Such recipient cells are 
termed competent. 



C. PRACTICAL ACTIVITIES 
Transfer can be demonstrated if the donor 
t)NA differs from the recipient DNA and 
the .mixture of the cells is plat^ on a me- 
dium .on which only recombinants will be 
able to form colonies. 



Addition of deoxyribonuclease to the 
lysed donor cells prevents transfer by de- 
grading the donor. DNA. This experiment 
demonstrates that the donor material is na- 
ked (unprotected) DNA. 



22 Conjugation 



DNA is transferred while cells are in phys- 
ical contact with one another. 

WollmanB, E. L., and R Jacob. 1956. 
Sexuality in bacteria. Sci. Am. 195:109-118. 



Cells commonly attach to one another by 
means of pili. DNA is transferred as a single- 
stranded molecule only as long as cells re- 
main attached. Transfer of the entire chrom- 
some in £?. coli requires 90 min, and this 
occurs very rarely. Cpnjugation has been 
observed primarily in gram-negative orga- 
nisms, although it does occur in the strep- 
tococci. 



DNA transfer occurs when donor and re- 
cipient cells are mixed together and the cul- 
ture is not disturbed. If the culture is shaken, 
the cells separate from one another and 
transfer stops immediately. 



.221 Conjugation F Transfer 



Many strains of E* coli contain plasmids 
which transfer from donor to recipient cells, 
The most thoroughly studied representative 
plasmid is the F plasmid, which codes for 
the synthesis of the pili. 

* The chromosome is not transferred when 
the F plasmid is transferred. 



The donor cell is commonly termed the 
male, or F"*" cell; the recipient is the female, 
or F" cell. Transfer of the entire particle 
occurs within minutes after mixing F"*^ and 
F' cells. F plasmids can be transferred to 
species closely related to E. colL 



If F^ and F' cells are mixed together, the 
F" cells are converted to F.^ cells, which can 
then serve as donors of F plasmids. 



222 Conjugation Chromo- 
some Transfer 
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The F particle can exist as an independ- 
ent, self-replicating entity or it can integrate 
into the chromosome. When it integrates, 
the chromosome is capable of being trans- 
ferred if the donor cell (termed "Hfr") con- 
tacts an F~ cell. A genetic element that can 



The chromosome is transferred as a linear 
molecule of sifigle-stfanded DNA. Different 
F particles integrate at different sites, and 
this determines the order in which the genes 
are transferred. The integrated F particle is 
always transferred last. Only a small fraction 
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When a population of Hfr ce^s is* mixed 
with F" cells, the ordered transfer of the 
donor chromosome can be shown by agitat- 
ing the cells at various times and plating 
them out on appropriate media for demon- 
strating transfer of specific genes. Some do- 
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TOPICS AND SUBTOPICS 



5.223 Conjugation F 
Transfer 



5.23 Transduction 



5.231 Specialized Transduc- 
tion 



5.232 Generalized Transduc- 
tion 



5.24 Plasmid Transfer 



A. ESSENTIAL INFORMATION 

replicate independently in the cytoplasm or 
as part of the DNA of the bacterial chro- 
mosome is termed an "episome." The proc- 
ess of integration and excision is reversible.' 

When the F particle is excised from the 
chromosome, a fragment of the chromosome 
may remain attach^ to the F particle. This 
particle with its attached chromosomal 
DNA is termed an F particle. It is trans- 
ferred to F" cells very rapidly and at a high 
frequency. 

The donor DNA is transferred from donor 
to recipient cells within the coat of a bacte- 
riophage. Once inside the recipient cell, the 
bacterial cell, the bacterial genes carried in- 
side the phage coat undergo recombination 
with the recipient chromosomes. There are 
two types of transduction, specialized 'and 
generalized, depending on the bacterial 
genes that are transferred. ' 
« Zinder, N. D. 1958. ''Transduction" in 
bacteria. Sci. Am. 195:109-118. 

Specialized transduction results from the . 
transfer of a certain group of genes located 
next to the site at which temperate phage 
DNA has becoipe integrated into the donor 
chromo8ome)^Upon induction, a piece of the 
donor DNA remains attached to the phage 
DNA (Fig. 7). 

In generalized transduction, any segment 
of the bacterial chromosome can be trans-' 
ferred. The usual case involves:^ temperate 
phage which packages a piece of donor DNA 
inside its protein coat as it goes through its 
virulent life cycle. This DNA is transferred 
to a recipient cell when the phage infects 
(Fig. 8). 

An entire plasmid, or parts of it, may be 
transferred by the same three mechanisms 



B. ENRICHMENT INFORMATION 
of the recipient cells undergoes recombina- 
tion^ith chromosomal DNA. - 



Since only chromosomal DNA adjacent 
to the site of integration of the F particle 
can become a part of the F' particle, different 
F' particles carry different chromosomal 
genes. 



The bacterial DNA takes the place of 
somekor all phage oDNA inside the protein 
coat of the phag^. Thus, the phage is "defec- 
tive" since it does not have all of the genes 
required for own replication. 



The same phage may transduce different 
bacterial genes because the phage DNA may 
become integrated at different sites. There 
are preferred and less-preferred sites for in- 
tegration. 

The bacteriophage lambda and P22 are 
specialized transducing phages in E, coli. 

In many cases, the coat of the phage is 
filled completely with bacterial DNA d^e 
donor cell. ^ 



Plasmids may be transferred between 
widely different genera. These include Esch- 
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C. PRACTICAL ACTIVITIES 
nor genes will be transferred early, others 
later. 



Cells carrying the V particles can be de- 
tected by mixing them with F~ cells. The F^ 
particle is rapidly transferred throughout" 
the F population. This can be determined 
by plating on a medium which will detect 
the transfer of the chromosomal genes in the 
F' particle. 

Recipient cells are. transduceci- when aly- 
sate fron^a phage- infected culture of donor 
cells is added to recipient cells. The recipient 
cells are grown under conditions which min- 
imize lysis and are then plated on a medium 
which will detect the transfer of genes from 
donor to recipient cells. 
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ic Recombina- 



, A. KSSKNTIAI. INKOUMATION 
*that oporato for the tranafor of chromoHomal 
jgonos. The plasmul DNA, however, does not 
have to bo homologous to the recipient 



Rec6mbinant DNA currently refers to two 
different JDNA inolecules joined together in 
vitro. Commonly, a plasmid which can rep- 
licate in bacteria is one component of the 
molecule. The second component is DNA 
from any source. The hybrid plasmid is then 
introduced by DNA-mediated transforma- 
tion into E, coli, where it replicates. Thus, 
the foreign DNA introduced into the plas- 
mid becomes cloned, resulting in the pro- 
duction of many identical copies (Fig. 9). 

There are two means\f achieving genetic 
recombination: two haploid gametes, usually 
from different parents, fuse to produce a new 
individual with a combination of traits from 
each parent; or in meiosis (deduction divi- 
sion), a diploid cell divides so that each 
nucleus receives only one member of each 
^chromosome pair. During this prpcess, when 
the chromosome pair aligns, they may ex- 
change pieces. In this Way, genes are ar- 
ranged in new combination or recom)bin6 
during meiosis. 



D. KNIUQUMICNT INKOUMATION 
erichia, Shigella, Salmonella, ProteuH, 
PseudomonaH, and Vibrio. 

The increase in the incidence of antibiotic- 
resistant organisms in the hospital environ- 
ment is due largely to the transfer of plas- 
mids that code for antibiotic resistance into 
previously sensitive cells. A single plasmid 
may carry the genes coding for resistance to 
seven different antibiotics. 

Restriction enzymes, which recognize spe- 
cific nucleotide sequences in DNA, are often 
used to cleave the DNA molecules which 
are to be joined together. It has been possi- 
ble to clone|eucaryotic genes in E. cbli and 
to produce fells of E. coli which synthesize 
insulin and/growth hormone. 

Cohen, p. N. 1975. The manipulation ^of 
genes, Sci.lAm. 233:24-33. a 

Foreign DNA can also be clpnecl in 
lambda phage. \ 

Eucaryotes exhibit " several mating pat- 
terns: they may or may not produce special- 
ized mating structures; and in some, but not 
all cases, they exhibit mating types. A and 
a in yeast is one of the best known. Special 
features: fungi can fuse so that nuclei with 
different genetic complements can exist in 
the same cytoplasm (heterocaryons). In this 
. case, they may exhibit recombination and 
segregation during mitotic division by a 
process called the parasexual cycle. In some 
protozoans, differentiated nuclei exist; one 
type is concerned with expression and cell 
function and the other is involved with sex- 
ual reproduction^^ 



PUACTICAL ACTIVITIRS 
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Some eucaryotic microorganisms have 
both haploid and diploid phases in their life 
cycles. In the haploid phase, the nuclei con- 
tain one copy of each chromosome; diploid 
nuclei contain two copies of each chromo- 
some a"nd, therefore, of each gene. An orga- 
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Fungi are the most widely used system for 
genetic analysis of eucaryotes. In the Asco* 
mycetes, sexual union occurs within a sac. 
Fusion of nuclei is followed by meiosis and 
the products are called ascospores. , 



Because of the way in which the chromo- 
somes segregate during nuclear division, 
chromosome mechanics have been studied 
by analysis of the ordered ascospores in Neu- 
rospora. 
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'I'Ol'lOH AND aUll'l'OlMOfl 



A, HHHUNTIAI, INl^lvlATION 



6.0 



Regulatory 
niBmB 



Mocha- 



6.1 



Regulation of Gene Ac- 
tivity 



Independent mechanisnns exist for regu- 
lating gene expression and the activity of" 
preexisting enzynries. Alteration of the envi- 
ronment may reversibly alter phenotype 
without faltering genotype. 



Repression and induction regulate the ini- 
tiation of gene transcription. 



\ - ]\. l^jSftlOIIM^lNT INTOUMATION 
nlHm can maintain oliher plumo by n^oauH of 
mitotic dlvlHlon; each nuclouH, whothor Imp- 
loid or diploid^ I'eprodiicoH exact copiuH of 
Itfielf. Mitotic dlvlHion occura with no con- 
comitant recombination of gonetlg material 
(Fig. 10). 
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Jacob and Monod developed the opei;on 
theory which provides an explanation for 
regulation of gene activity (repression and 
induction). They also developed the m(Jdel ■ 
by which preexisting enzymt^s in a metabolic 
pathway are rendered inactive in the pres- 
ence of the end product of the pathway 
(feedback inhibition). 

Regulation of gene activity prevents syn- 
thesis of needless enzymes. Energy and ma- 
terials are conserved. The functional state of 
the repressor is determined by the presence 
or absence of the specific metabolite. 

An operon is a cluster of genes which' is 
transcribed as a unit. The operon contains 
structural genes which code for the produc- 
tion of several en^ymesin a metabolic path- 
way, and an operator wfgionr A regulator 
gene, often located at a distance ffom the 
, operon, produces a represspr ^?<^eiin which, 
'^when activated, can bind *ta th^> opjerator 
and block transcription of the structural 
genes by preventing the binding of RNA 
polymerase to DNA. The initiation of tran- 
scription of all the genes in the operon is 
thus prevented. Repressor proteins are al- 
losterifc; one site •attaches to the operator 
and the otjier attaches to a specific metab- 
olite. Operons have been found in many 
bacteria but apparently are i^e in eucary- 
otes. ' . 
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0. iMiAcrnoAh AcrnviTii'ifi 



By croHwing two Htralns of Sardaria which 
produce diffoi-ent-colored aacoHpores, the ar- 
rangement of Hpores in each aacus provides 
immediate linear evidence of the chromo- 
somal events which occurred during meiosis. 

An example of an environmental influence 
is the production of pigment in Serraiia 
niarcescenfi. ' Pigment production occurs 
only when cultures are incubated at temper- 
atures below 37°C. 
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Diploid 
Hpore 



MitoaiH 



— l^iploid parent 

Moiuais 
1 Recombination) 



MitUHlH 

2N- iyttote 
Fusion 



Haploid gan\cte 



Haploid apore 
Mitoais 



Haploid parent 
Fig. 10. Generalized eucaryoiic life cycle. 
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Tones AND SUBTOPICS 



6.11 Repression 



6,12 Induction 



A. ESSENTIAL INFORMATION 



In end-product repression, the end prod- 
uct of a biosynthetic pathway blocks the 
transcription of genes coding for the entire 
group of enzymes involved in that pathway. 



6.2 Modification of Enzyme 

Activity 



In enzyme induction, the substrate in a 
degradative pathway triggers the transcrip- 
tion of genes coding for enzymes in that 
pathway. 



In feedback inhibition, the end product of 
a biosynthetic pathway inhibits the activity 
of the first enyzme in that pathway. Since 
no product of the first reaction is formed 
subsequent enzymes in that pathway will 
have no substrate and the entire pathway 
will be shut down 



B. KNKICHMENT INFOHMATION 

Ptashne/M., and W. Gilbert. 1970. Ge- 
netic repressors. Sci. Am. 222:36-44. 

In the absence of the end product, the 
repressor protein is inactive and cannot at- 
tach to the operator, and the operon is 
turned on. When the end product of the 
pathway is present, it binds to the repressor 
protein, changing its conformation, thereby 
activating it, so that it can bind to the op- 
erator and "turn off transcription. The 
functional state of the repressor is deter- 
mined by the presence or absence of the 
specific metabolite (Fig. 11). 

In inducible systems, the operon is nor- 
mally turned off because repressor protein is 
boi^r^to the operator. When the substrate 
of an inducible pathway is present, it binds 
to the repressor protein, changing itsconfor- 
mation, thereby inactivating it so that it can 
no longer bind to the operator. Transcription 
can then occur. In addition to substrate, 
cychc adenosine monophosphate (AMP) 
and a protein (CAP) are required for tran- 
scription (Fig. 12). 

Feedback inhibition conserves energy and 
materials. / 

Feedback inhibition operates when an en- 
zyme is an allosteric protein. When the end 
product combines with the allosteric site on 
that enzyme, its conformation is altered, 
thus altering its activity (Fig. 13) 



C. PRACTICAL ACTIVITIES 



When JE. coli is grown in a medium con- 
taining tryptophan, the organism does not 
make the enzymes for the biosynthesis of 
tryptophan. If tryptophan is not present in 
the medium, the enzymes for tryptophan 
synthesis ^e produced until the concentra- 
tion of tryptophan synthesized by the cell 
shuts down further enzyme synthesis. 



E. coll produces the enzyme ^-galactosid- 
ase only when lactose is present in the me- 
dium. 



Kepressible systems, such as the synthesis 
of tryptophan in E. coli, also show feedback 
inhibition. In the presence of tryptophan, 
the first enzyme in the biosynthetic pathway 
for tryptophan synthesis is inhibited by 
tryptophan. 
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